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INTRODUCTION 
Industrial phosphate esters, both triaryl or alkyl aryl phosphate 
esters, are utilized as fire resistant hydraulic fluids and as fire re­
tardant plasticizers (Lapp, 1976) and therefore can be used as substitutes 
for many PCB (polychlorinated biphenyls)-based compounds. PCBs have been 
frequently found in water, fish, wildlife and other environmental samples 
from many parts of the world at levels which adversely affect animals and 
environment (Risebrough et al., 1968; Gustafson, 1970; Peakall and Lincer, 
1970; Zitko and Choi, 1971; Stalling and Mayer, 1972). Information on the 
possible toxic effects of phosphate esters on animal life is needed. 
For the period 1954 to 1973, approximately 874 million pounds of 11 
major phosphate esters were produced in the United States (Lapp, 1976). 
Total production of the phosphate esters in 1973, 1974 and 1975 were 97, 
95 and 79 million pounds, respectively (Lapp, 1976; U.S. International 
Trade Commission, 1976, 1977). Nearly all of the production of these 
esters was utilized in the U.S., with approximately 2 to 3 percent ex­
ported, primarily to Canada. 
Phosphate ester hydraulic fluids represent the largest contributors 
of the phosphate esters into the environment. Lapp (1976) estimated that 
65 to 70 percent of all phosphate ester hydraulic fluids were utilized in 
automotive and steel industries. However, gas turbines and electrical 
power generators are the fastest growing use areas. He also estimated 
that of the annual consumption of hydraulic fluids, approximately 30 
percent occurs as a result of leakages in hydraulic systems. Therefore, 
2 
phosphate esters would be expected to be a common constituent of many 
industrial effluents and, consequently, present in aquatic receiving 
systems. 
The toxicity and physiochemical effects of triaryl phosphate esters 
have been studied in man, mammals, and birds (Spector, 1956; Sax, 1968; 
Gleason et al., 1969; Bondy et al., 1973), but there are relatively few 
studies on their effects on aquatic animals. 
Pydraul 50E, a product of Monsanto Chemical Company and similar to 
other commercially produced phosphate ester hydraulic fluids, is a blend 
of several triaryl and/or alkyl aryl phosphate esters, the exact composi­
tion being proprietary information of the producing company. It was 
selected as a representative phosphate ester hydraulic fluid for this 
study of the acute and partial chronic toxicity of these commercial com­
pounds to fish. Since chronic toxicity studies are expensive, high risk 
endeavors and require about one year or more to conduct (Mayer et al., 
1977c), this study will attempt to assess the possibility of using bio­
chemical parameters as indicators or predictors of chronic effects on 
fish, thereby decreasing the time required for a full investigation of the 
chronic toxicity. 
Tricresyl phosphate utilized as a fire retardant plasticizer, a fire 
resistant hydraulic fluid, and a lubricant additive (Lapp, 1976) and tris 
(2,3-dibromopropyl) phosphate utilized as a flame retardant in textile, 
home furnishing and building materials (Sutenmann and Lisk, 1975; Privai 
et al., 1977; Blum and Ames, 1977; Maylin et al., 1977) were selected as 
the representatives of triaryl phosphate esters and trialkyl phosphate 
3 
esters, respectively, for the acute toxicity studies. Because they are 
also available as radiolabelled compounds at the Columbia National Fish­
eries Research Laboratory, they were specifically selected for studies on 
the accumulation and elimination in fish. 
All of the laboratory experiments in this study were carried out 
using the facilities and methods available at the Columbia National 
Fisheries Research Laboratory of the Fish and Wildlife Service, Columbia, 
Missouri. 
Objectives 
Acute toxi ci ty study 
1) To estimate the acute toxicity, expressed in LCso or ECso values 
of Pydraul 50E and its components, tri-p-cresyl phosphates, and tris 
(2,3-dibromopropyl) phosphate for bluegill and/or rainbow trout under 
standard static conditions. 
2) To estimate the acute toxicity expressed in short-term LCso or 
ECso values and long-term LCso or ECso values under the continuous ex­
posure conditions of Pydraul 50E and one of its components, triphenyl 
phosphate, on rainbow trout. 
Partial chronic study 
1) To determine the effect of continuous exposure of Pydraul 50E on 
growth, mortality, and backbone composition of rainbow trout sac-fry. 
2) To determine pathological effects of Pydraul 50E on those test 
rainbow trout sac-fry. 
4 
3) To determine the residual accumulation, residual metabolism and 
residual elimination of Pydraul 50E in those test rainbow trout sac-fry. 
The samples are being analyzed by the Chemistry Section of the Columbia 
National Fisheries Research Laboratory and the results will not be in­
cluded in this dissertation. 
4) To evaluate potential biochemical "indicators" or "predictors" of 
abnormal growth of rainbow trout sac-fry exposed continuously to Pydraul 
50E. 
Uptake, accumulation and elimination study 
To assess the rate of uptake, accumulation and the residual elimina­
tion in bluegill fed with contaminated food and exposed continuously to 
water with very low concentrations of tri-p-cresyl phosphate and tris 
(2,3-dibromopropyl) phosphate. 
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LITERATURE REVIEW 
Chemicals and their Toxicity 
Triaryl and alkyl aryl phosphate esters 
Lapp (1976) estimated the overall future growth rate of triaryl and 
alkyl aryl phosphate esters to be approximately 8 to 10 percent per year. 
However, the U.S. International Trade Commission (1976, 1977) reported a 
decrease of the total production of phosphate esters from 95 million 
pounds in 1974 to 75 million pounds in 1975. 
The major utilizations of phosphate esters are as fire retardant 
plasticizers and as fire resistant hydraulic fluids (Lapp, 1976). The 
manufacturing process for preparation of triaryl phosphate esters common­
ly in use consists of the condensation of the aryl compound with phos-
phoryl chloride in the presence of a metal chloride catalyst, such as 
aluminium chloride or zinc chloride, as shown in the following equation 
(Lapp, 1976; Nagemann et al., 1974): 
3ArOH + POCI3 Catalyst) (4^0)3%] + 3HC1 
Ar represents a phenyl, tolyl (cresyl), or xylyl group. 
Commercial triaryl phosphate esters are odorless, heavier-than-water, 
oily lipids; are good solvents for many organic substances; and have low 
vapor pressure and high boiling points (Wagemann et al., 1974). 
Triaryl phosphate esters are not hydrolyzed significantly at normal 
ambient temperature, but at higher temperature and with prolonged contact 
with water some hydrolysis occurs (Houghton and Co., 1972). IMOL S-140, a 
synthetic triaryl phosphate lubricating oil, had an approximate hydrolysis 
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rate constant of 9 x 10"^ day"^ and a half-life of 96 days in river water 
(Wagemann et al., 1974). Murray (1975) described a method for the analy­
sis of IMOL S-140 by using gas chromatography to measure the individual 
phenols as trimethylsilyl derivatives. 
Pydraul 50E manufactured by Monsanto Industrial Chemical Company was 
advertised as possessing improved thermal and hydrolytic stability, there­
by offering added advantages of fire resistance, excellent lubricating 
ability, stability under work conditions, and good material compati­
bility. It is formulated as a proprietary mixture of aryl and alkyl aryl 
phosphate esters. There are three components of triaryl phosphate ester 
in Pydraul 50E (personal communication, P. Lombardo, Chemical Industrial 
Practices Branch, Food and Drug Administration, 1977): 
1) Tri phenyl phosphate: (^- 0 -J-sP = 0 
2) Diphenyl cumylphenyl phosphate: 
0 CHs 
( 0  - } - 2 P  -  0  - c  -
CHs 
3) Diphenyl nonylphenyl phosphate: 
0 
(^^- 0 - 0 C9H19 
Triphenyl phosphate is used exclusively as a plasticizer under the 
tradenames, Phosflex TPP and Generic (Lapp, 1975). 
Tricresyl phosphate: 0 = 0 
CH3 
There are at least six to eight different "types" of tricresyl phos­
phate and several tradenames such as Lindol, Phosflex, Generic, etc. It 
is used extensively in both the broad categories of functional fluids and 
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fire retardant piasticizers. However, it apparently is decreasing in 
usage, particularly as fire retardant plasticizers (Lapp, 1976). 
A1kyl phosphate ester 
Tris (2,3-dibromopropyl) phosphate was the most widely used flame 
retardant phosphate ester in virtually all polyester fabric and man-made 
fibers produced in the U.S. for children's sleepwear (Maylin et al., 1977; 
Slum and Ames, 1977; Privai et al., 1977). This is being removed from the 
market because of its toxicity to man, fish, and other animals. Its 
chemical formula follows (Blum and Ames, 1977): 
CHzBr - CHBr - CHg 0 
Buck et al. (1976) reported that all organophosphorus insecticides 
contain a phosphorus radical in a combination which permits the compound 
to competitively inhibit acetylcholinesterase and other cholinesterases. 
In mammals and arthropods the cholinesterase inhibition induced by organo­
phosphorus insecticides results in the impairment of the neural trans­
mission system and thus interferes with the function of the target organ 
(O'Brien, 1960; Fest and Schmidt, 1973). Signs of organophosphorus 
poisoning in animals are generally those of overstimulation of para­
sympathetic nervous system but not every animal exhibits all the clinical 
symptoms (Buck et al., 1976). O'Brien (1960) proposed that the lethal 
poisoning mechanisms of organophosphorus insecticides in mammal s are: a) 
inhibition of cholinesterase, b) acetylcholine accumulation, c) disruption 
Toxicity 
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of nerve function, either centrally or peripherally, d) respiratory 
failure, and e) death by asphyxia (or hypoxia) (Buck et al., 1976). In 
fish, the cholinesterase inhibition resulted in neuromuscular paralysis of 
the branchial pump mechanism and hence decreased oxygen diffusion across 
gill membrane (Weiss, 1961). 
Several organophosphorus insecticides were shown by Weiss (1961) to 
be cholinesterase inhibitors in largemouth bass, bluegills, golden shiners 
and goldfish. Weiss also stated that the degree of reaction between 
cholinesterases and cholinesterase inhibiting insecticides is a function 
of the test concentrations, the time of exposure, specific chemical nature 
of the insecticides, and fish species. Schneider and Weber (1975) experi­
mentally concluded that the acetylcholinesterase in largemouth bass was 
inhibited by diisopropyl fluorophosphate but the acute effects of DFP were 
not mediated by a collapse of neuroskeletal muscle function. Bullheads 
were more able to survive markedly depressed brain cholinesterase by 
Guthion, 0,0-dimethyl S-(4 oxo-1,2,3-benzotriazine-3 (4H)-ylmethyl) phos-
phorodithioate, than were sunfish, which might be a reflection of the 
bullhead's high resistance to hypoxia (Murphy et al., 1968). 
Some noninsecticide phosphate esters have weak cholinesterase-
inhibition properties but some, such as tri-o-cresyl phosphate and tri-
phenyl phosphate, induce delayed neurological effects marked by destruc­
tion of axons and demyelination in the peripheral nerves and spinal cord 
(Hamilton and Hardy, 1974). Tri-o-cresyl phosphate causes human poisoning 
if ingested (Sax, 1958; Gleason et al., 1969), Adult hens which were 
given 0.8 or 1.0 mg/kg of tri-o-cresyl phosphate developed ataxia within 
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11 to 14 days. The liver is the active site converting the TOCP to the 
anticholinesterase metabolites (Morazain and Rosenberg, 1970). Some 
organophosphorus insecticides must be microsomally oxidized before 
developing anticholinesterase properties (Buck et al., 1976). Cohen and 
Murphy (1970) injected a dose of 125 mg/kg of TOCP into the ventral lymph 
sac of frogs and intraperitoneally to mice, quail, sunfish and bullheads. 
The animals did not produce any observable signs of poisoning due to 
cholinesterase activity. The cholinesterase activities of avian and 
piscine brains are greater than those of mammalian brains (Murphy et al., 
1968). Cohen and Murphy (1970) also found that TOCP "potentiated" the 
anticholinesterase actions of malathion in their test animals. Lynch and 
Coon (1972) suggested that TOCP-pretreatment of rats either increased the 
activity of liver detoxifying enzyme or decreased the'rate of absorption of 
parathion and paraoxon from the gut, or both. Bendy et al. (1973) found 
that TOCP mixture "of low order of neurotoxicity" produced a depression of 
plasma cholinesterase. Median lethal doses of TOCP in mouse, rabbit, 
guinea pig, cat, dog and chicken were 12,000, 100, 300-500, 300-500, 100-
500, and 500 mg/kg, respectively (Spector, 1956). The tri-p-cresyl 
phosphate, selected for these toxicity studies, is less toxic than tri-o-
cresyl phosphate (Sax, 1963; Gleason et al., 1969). 
The bacterial assay with Salmonella typhimurium showed that tris 
(2,3-dibromopropyl) phosphate is a mutagen and likely a carcinogen (Blum 
and Ames, 1977; Privai et al., 1977). Gutenmann and Lisk (1975) found 
that up to 10 mg of tris per square inch of commercial tris-treated 
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polyester was released when the fabric was subjected to a simulated 
laundering operation. 
Toxicity Test Method 
The measurement of degree of response associated with a particular 
level of stimulus is the fundamental interest in toxicity studies (Brown, 
1973). The term "toxicity test" rather than the term "bioassay" which 
commonly is used (Brown, 1973) is used and recommended by the Committee 
on Methods for Toxicity Tests with Aquatic Organisms (Stephan, 1975). 
Most aquatic toxicity tests are conducted by exposing the test organisms 
to test solutions containing various levels of a toxic agent under con­
trolled conditions with one or more control treatments (Stephan, 1975). 
High quality test organisms are needed in toxicity tests. Flow-
through systems with adequate space for holding research fish were 
recommended for toxicity studies by Brauhn and Schoettger (1975). They 
also suggested that test fish should be morphologically typical of the 
species and genetically consistent and recommended hatchery rather than 
wild fish. Lennon (1957) proposed selective strains of fish as toxicity 
test animals. 
Acute toxicity test 
Acute toxicity tests are generally used to determine the level of 
toxic agent that produces an adverse effect, commonly mortality, on a 
specific percentage of the test organisms in a short period of time 
(Stephan, 1975). The use of mortality is an all-or-nothing or a quanta! 
response. 
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Experimentally, the measurement of acute toxicity most often used 
with fish, macroinvertebrates and amphibians is the 96 hour median lethal 
concentration (96-h LC50) (Stephan, 1975). The median lethal concentra­
tion can be estimated by the dose-response curve, in this case, the con­
centration-mortality curve which is asymmetrical sigmoidal (Bliss, 1938; 
Finney, 1971). When the concentrations are measured in metametric units 
(logarithmic units), the curve takes the characteristic normal sigmoidal 
form with 0 or 100 percent response at infinitely low or infinitely high 
values of stimulus, respectively (Finney, 1971). The normal sigmoid curve 
can be converted to a straight line by the transformation of percent re­
sponses to probits (Finney, 1971; Bliss, 1938), to logits (Berkson, 1944), 
or to angles (Knudson and Curtis, 1947). Litchfield and Wilcoxon (1949) 
provided a more rapid graphical method which is equivalent to Bliss's 
(1938) method and permits using data in its original form. The method 
has been criticized (Finney, 1971; Sampford, 1952) but it and the probits, 
logits, and angles methods are recommended by the Committee (Stephan, 
1975; Buck et al., 1976). The Litchfield and Wilcoxon method is the one 
now used at the Columbia National Fisheries Research Laboratory. 
In his method of probit analysis Finney (1971) introduced the maximum 
likelihood estimation by transforming the expected probits to working 
probits and weights. 
Chronic toxicity test 
Chronic toxicity tests on aquatic animals consist of exposing dif­
ferent groups of a species to sublethal levels of a toxic agent throughout 
a life cycle to study the effects of a toxicant on the growth, reproduc­
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tion, hatchability of eggs, and survival of adults; ar.d development, 
growth and mortality of offspring (Stephan and Mount, 1973; Eaton, 1973; 
Mayer et al., 1977c). The primary purposes of chronic toxicity studies 
are to determine the safe levels of toxicants and to estimate the applica­
tion factor of a toxicant to a particular species (Eaton, 1973). 
However, because chronic toxicity studies with fish are expensive, 
high risk investigations, and require a long time to conduct, some alter­
native methodologies should be developed to minimize the expenditure of 
time, expense, and effort while providing comparable information (Mayer 
et al., 1977c). Sprague (1973) proposed a sublethal study which could use 
standard techniques and be analyzed by the quantal response method. Eaton 
(1973) proposed some short-cut methods by shortening the exposed time in 
chronic toxicity test or by assessing the changes caused by the toxicant 
in the composition of fish. 
Various biochemical indicators of chronic effects have been studied 
and used as sublethal responses by many investigators (Lockhart et al., 
1975). However, Mayer et al. (1977c) indicated that many biochemical 
indicators used recently do not establish the significance of such indi­
cators to the basic life process of growth, reproduction, and survival. 
They hypothesized that vertebral collagen content and the hydroxyproline 
concentration in collagen could be used as potential biochemical indi­
cators of growth and development in fish. The hypothesis was tested by 
using their chronic studies of toxaphene on fish (Mayer et al., 1975; 
Mayer et al., 1977a,b; Mehrle and Mayer, 1975a,b). These studies sum­
marized by Mayer and Mehrle (1977) showed that collagen synthesis and 
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possibly other biochemical parameters in bone could be used within limits 
as indicators or predictors of growth in fish (Mayer et al., 1977c). 
Flow-through system 
There are two basic flow-through systems, paired flow-through system 
and intermittent flow-through system (Taras et al., 1971). In inter­
mittent flow-through system, the more common system, the fresh solutions 
are prepared continuously in a toxicant delivery system (Stephan, 1975). 
Mount and Warren (1955) described a serial dilution apparatus suita­
ble for maintenance of constant concentrations of materials in flowing 
water. The technique, particularly the water diluting system, was modi­
fied by Mount and Brungs (1957) to be a proportional diluter which is 
probably the best intermittent system for routine use (Stephan, 1975). 
McAllister et al. (1972) developed an easily constructed metering system 
which has no moving parts and minimizes evaporation. Chandler et al. 
(1974) provided an improved chemical delivery apparatus which does not 
require the use of a Harriot bottle needed in the McAllister et al. 
method. DeFoe (1975) developed a multichannel toxicant injection system 
using the proportional diluter. 
The proportional diluter system of Mount and Brungs (1957) as modi­
fied by McAllister et al. (1972) is the flow-through system now used at 
the Columbia National Fisheries Research Laboratory. 
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Uptake, Accumulation and Elimination Study 
Any chemical is accumulative when the rate of absorption exceeds the 
rate of elimination of the chemical from the animal (Loomis, 1974). Fest 
and Schmidt (1973) stated that the objective of the degradation of foreign 
substances in animals is to convert them into a water soluble, i.e., ex-
cretable form. They also reviewed the metabolic pathways and the degrada­
tion products of some phosphate ester insecticides. 
Stalling and Mayer (1972) determined that the highest total body 
residues of PCBs (polychlorinated biphenyls) in fish from the Hudson River 
were 200 ug/g. The accumulation factor of PCBs in bluegill was more than 
40,000 (Stalling and Mayer, 1972) and in scud was 27,500 (Sanders and 
Chandler, 1972). 
In natural waters with complex ecological systems, food chains play 
an important role in the bioaccumulation for xenobiotics in fish. An ex­
periment by Macek and Korn (1970) on brook trout exposed to 3 pptr (part 
per trillion) DOT concentration for 120 days and on brook trout fed with 
3 ppm DDT for 120 days showed that the accumulation of DDT in brook trout 
from food was approximately 10-fold more than DDT accumulated directly 
from water. They suggested that in natural water, the food chain is the 
major role of bioaccumulation in fish for DDT. A "model ecosystem" was 
developed by Metcalf et al. (1971) to investigate the biodegradability and 
ecological fate of toxicants in environment. The model was conducted in a 
glass aquarium and developed a soil/air/water interface environment. The 
food chain pathways were depicted as follows: 
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Sorghum halpense (plant) 
i 
Estiqmene acrea 1 arva 
(terrestrial insect) 
Oedoqonium cardi acum 
, ( algail 
Di atoms  1 urn
Plankton 
Physa spp. i 
(snail) Culex pipiens quinguifasciatus 
(mosquito larvae) 
Gambusia affinis 
(mosquito fish) 
The model was considered to be useful in experiments with radio-
labelled DDT as the experimental chemical. 
Johnson (1974) designed a simple food chain model representing three 
trophic levels, with fish being the top consumer, to study the bioaccumu­
lation, biotransfer, and biodégradation of organic chemicals under con­
trolled conditions. 
Methods of analysis involving radioactive tracer techniques are of 
inestimable help in residue determinations in microamounts in the presence 
of many other associated organic and inorganic materials (Whittemore, 
1966). Halberstadt (1966) stated that two main areas of application of 
radioisotope in the pesticide research involved metabolic studies and 
residue analysis. The radioisotope, however, does not provide details 
concerning the metabolites as well as do chromatographic methods 
(McDuffie, 1966). 
Liquid scintillation counting is a method of detecting radioactivity. 
Its widest application is for the counting of low energy beta emitters 
such as and tritium (Zimmerman, 1967). Liquid scintillation counting 
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was suggested by Johnson (1974) to use in the study on the bioaccumulation 
and biodégradation of xenobiotics. 
The time required for the disintegration of one-half the atoms in 
radioactive sample is called the radioactive half-life which can be esti­
mated from the equation (Chase and Rabinowitz, 1970): 
^ _ ln2 _ 0.593 
% - n ^ 
where 
tj_ = radioactive half-life % 
Xr = radioactive decay constant 
Chase and Rabinowitz also stated that the mathematical model of 
biological half-life is similar to that for radioactive half-life. Since 
the depletion of radioactive materials in living organisms occurs simul­
taneously through the parallel pathways of radioactive decay and biologi­
cal depletion, the depletion is therefore expressed as a combination of 
the radioactive and biological half-lives, the effective half-life, 
throuqn the equation (Lu, 1970; Chase and Rabinowitz, 1970): 
where 
te = the effective half-life 
tr = tht. radioactive half-life 
tb = the biological half-life 
However, the radioactive half-life for ^''C is so large (5760 years) 
that the effective and biological half-lives are practically identical 
(Lu, 1970). 
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ACUTE TOXICITY STUDY 
Static acute toxicity tests were run on bluegill finger!ings and 
rainbow trout sac-fry and fingerlings for Pydraul 50E and tris (2,3-
dibromopropyl) phosphate and on bluegill fingerlings for tri-p-cresyl 
phosphate. In addition, rainbow trout sac-fry and fingerlings were tested 
with three components of Pydraul 50E (triphenyl phosphate, diphenyl cumyl-
phenyl phosphate and diphenyl nonylphenyl phosphate). 
In addition to the static toxicity tests, flow-through acute toxicity 
tests were run for Pydraul 50E and its most toxic component, triphenyl 
phosphate, on sac-fry and fingerling rainbow trout. 
Materials and Methods 
Equipment 
Static toxicity test The methods used in all tests were the 
standard static toxicity test methods of the Columbia National Fisheries 
Research Laboratory, which are based on the recommendations of the Com­
mittee on Methods for Toxicity Tests with Aquatic Organisms (Stephan, 
1975). The experimental procedure, apparatus, and test conditions were 
described by Sitthichaikasem (1975). 
Flow-through toxicity test Eight aquaria, 30 x 60 x 30 cm, made 
of window glass with clear silicon adhesive, were used as test containers. 
Each aquarium was divided into two equal small chambers and one large 
chamber by glass and stainless steel screens. The designed volume of the 
test solution in each aquarium was maintained by a standpipe. The test 
solution in each aquarium was maintained at a total volume of about 42 
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liters with approximately 10 liters in each small chamber and 22 liters in 
large chamber. All aquaria were placed in a recirculating water bath 
raceway in which the water temperature was controlled at 12°C and regu­
lated by two mini-o-cools and an electrical temperature regulator. 
The designed chemical concentrations of test solutions were secured 
through a series of metering cells and a series of the metered chemical 
cells of a proportional diluter developed by Mount and Brungs (1967) and 
modified by McAllister et al. (1972) (Figure 1). The diluter delivered a 
control and seven toxicant concentrations with a dilution factor of 
approximately 25 percent between successive concentrations. A stock 
solution of the chemical to be tested was prepared at a concentration de­
termined by the highest concentration needed in the tests and by diluter 
calibration data as described in Appendix A, This stock solution was 
placed in a Mariotte bottle. 
A photograph and a diagram of the diluter are provided in Figures 1 
and 2 for better understanding in the following discussion on the test 
solution delivery system. The water flow into the metering cells (A) was 
regulated by two micro-electrical switches (H), each controlled by a 
floating glass ball (D) and connected to a water regulator (6). When the 
series of metering cells was filled with water, the water from the last 
cell of metering cells (Al) was emptied into a plastic box (C) and the 
floating glass ball was lifted, resulting in the water flow turning off. 
The water in the plastic box was emptied through a Y-shaped glass tube, 
with the other arm connected to a vacuum manifold (F) and partial vacuum 
was created. At the same time by hydrostatic pressure created from the 
Figure 1. Picture of proportional diluter. 

Figure 2. The diagram of test solution delivery system in proportional diluter. 
A = series of metering cells; At and A1 are the first and the last cells, respectively. 
B = series of metered chemical cells; lil is the last cell. 
C = plastic box. 
D = floating glass bal 1. 
E = electrical wire. 
F = vacuum manifold. 
6 = water regulator. 
H = micro-switch. 
I = chemical mixing cell. 
J = Mariotte bottle; Jr and Jt are air tubes. 
K = Teflon tube. 
L = metering device; Lc and Lw are capillary tube and wall tube, respectively. 
M = water circulating system in the recirculating water bath raceway. 
Connected to M 
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partial vacuum, the water in the metering cells was emptied into Y-shaped 
glass tubes. As a consequence another partial vacuum was created and 
chemical solutions from the metered chemical cells (B) were emptied and 
mixed with water in Y-shaped glass tubes, and then into the aquaria. The 
water from one of the metering cells (the first cell - At) was emptied 
into a chemical mixing cell (I) through a Y-shaped glass, consequently, a 
partial vacuum was created and a measured amount of the chemical stock 
solution was delivered from the Mariotte bottle (J) through the Y-shaped 
glass tube and mixed well with water in the chemical mixing cell. The 
other floating glass ball in the mixing cell was lifted, which turned on 
the water flow into the series of metering cells and the new cycle of 
water delivery began. At the same time, the mixture of stock solution and 
water in the chemical mixing cell was emptied into the series of metered 
chemical cells. The mixed solution in the last cell of metered chemical 
cells (Bl) was emptied directly to the corresponding aquarium as the 
highest test concentration. 
The measured amount of chemical stock solution delivered from the 
Mariotte bottle to the chemical mixing cell was metered by a metering 
device (L). The device was constructed by joining a glass capillary tube 
(Lc: 0.75 ram ID) to standard wall glass tubing (Lw: 5 mm OD) connected 
with the Mariotte bottle by a Teflon tube (K). The desired amount of 
chemical stock solution was controlled by the difference in levels between 
the metering device and an air tube (Jt) in the Mariotte bottle. The 
pressure in the Mariotte bottle was regulated through hydrostatic pressure 
by connecting another air tube (Jr) to the water circulation system in the 
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recirculating water bath raceway. The Mariotte bottle was insulated to 
prevent fluctuations in temperature which might change the pressure in 
the bottle. 
The flow rate through the test aquaria was adjusted to be about 4 
minutes per liter or approximately 8 to 10 water volumes of the aquaria 
per 24 hours. The test solution was delivered into the two small chambers 
through a small plastic cup. The solution, then, went through the stain­
less steel screen into the large chamber and overflowed through the stand-
pipe. 
Dilution water 
The dilution water used in all static toxicity tests was soft re­
constituted water prepared by adding the specific reagent-grade chemicals 
into deionized water. The amounts of chemicals added and the resulting 
water qualities were as follows: 
Water qualities 
Salts required (mg/1) 
NaHCOa CaSOt-EHgO MgSO^ KCl pH CaCOs) CaCOs) 
48 30 30 20 7.0-7.2 40-48 32-38 
The flow-through toxicity tests used oxygen saturated well water as 
the dilution water. The water was not chlorinated but it was disinfected 
by passing through the ultraviolet sterilizer. The water qualities meas­
ured 2 times during the test were: pH = 7.4, 7.5; water hardness = 295, 
305 mg/1 as CaCOa; and alkalinity = 255, 260 mg/1 as CaCOs. More details 
of the well water qualities at the Columbia National Fisheries Research 
Laboratory were reported by Mayer et al. (1975) (Appendix C). 
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Test temperature 
The test temperature with bluegill was 22°C and with rainbow trout 
in both static and flow-through tests was 12°C. 
Test fish 
The rainbow trout finger!ings and bluegills were reared in flow-
through raceways containing well water at a temperature of 17°C. The 
rainbow trout sac-fry were held in a trout hatching tray at a temperature 
of 10°C. All the test fish were treated with chemicals for disease 
control. 
The rainbow trout fingerlings tested in the static and flow-through 
tests were from the same stock and classed as 45-day fingerlings with an 
average weight of 0.75 g (s = 0.14 g, n = 50) and an average length of 
41.2 nm (s^ = 2.2 mm, n = 50). The rainbow trout sac-fry tested in the 
static and flow-through were from different stocks but they were 10 days 
old and the same stock within each method. The rainbow trout sac-fry 
tested in the flow-through system had an average weight of 0.081 g (s = 
0.014 g, n = 30) and an average length of 22.3 mm (s = 0.8 irm, n = 30). 
The bluegills had an average weight of 0.2 g (s = 0.02 g, n = 10). 
Acclimation 
In static tests the test fish were acclimated to the desired condi­
tions in acclimation tanks, which were placed in the temperature con­
trolled raceway for three days and another day in test jars. The tempera­
ture acclimation in the acclimation tanks at the first, second and third 
day for rainbow trout fingerlings were 15,5°, 14° and 12°C and for blue­
gill were 18.5°, 20° and 22°C, respectively. For water hardness acclima­
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tion the fish were treated in the following manner: 1/2 deionized water + 
1/2 well water at the first day, replaced with 1/2 deionized water at the 
second day, and replaced with 1/2 deionized water at the third day. On 
the fourth day the fish were put in the reconstituted soft water. There 
was no special pH acclimation. Rainbow trout sac-fry were not acclimated 
prior to the tests as they had been reared in the well water at 10°C and 
then tests were at 12°C. 
In flow-through tests rainbow trout fingerlings were placed into the 
test aquaria filled with well water at the temperature of 17°C. The 
temperature was adjusted down to 15.5°, 14° and 12°C at the first, second 
and third day. The fish were acclimated one more day (the fourth day) 
before the tests were initiated. During the acclimation period the 
diluter system was turned on but no toxicant delivered into the system. 
There was no acclimation period for rainbow trout sac-fry. 
Toxicant 
Pydraul 50E was received from the Monsanto Industrial Chemical 
Company on January 24, 1973. Its lot number was QB-20521. 
Triphenyl phosphate for the rainbow trout sac-fry in the static test 
was received from FDA (Food and Drug Administration). For the rest of the 
tests, TPP was purchased from the Eastman Kodak Company. 
Diphenyl nonylphenyl phosphate (FDA lot 1414 Code 76183), diphenyl 
cumylphenyl phosphate (FDA lot 1413 Code 75180), Tri-p-cresyl phosphate 
(FDA lot 1376 Code 76130), and tris (2,3-dibromopropyl) phosphate (FDA 
lot 1008 Code 71507) were received from the FDA in 1975. 
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Test procedure 
All static toxicity tests were conducted in the test jars containing 
15 liters of reconstituted water for bluegill and rainbow trout finger-
ling and 3 liters of reconstituted water for rainbow trout sac-fry. Ten 
acclimated fish were placed in each jar. They were acclimated one more 
day before adding the chemical to the desired concentration. After the 
chemical was added, the water was stirred by a glass rod until thoroughly 
mixed. 
In the flow-through toxicity tests, the diluter including the meter­
ing cells, the metered chemical cells, the glass tubes, and the aquaria 
were cleaned with acid metal cleaner and rinsed with water. The diluter 
was calibrated by Rhodamine B and the stock solution concentration was 
calculated to give the desired highest test concentration. The diluter, 
then, was cleaned again with acid metal cleaner and rinsed with water. 
The Mariotte bottle and the metering device were also cleaned by the same 
method except that they were finally rinsed with acetone. The aquaria 
were disinfected with 200 mg of hypochlorite per liter. They were rinsed 
well with water. 
After the cleaning processes, the system was turned on and the water 
flowed into the aquaria for several days. Thirty rainbow trout finger-
lings were transferred from the rearing raceway to the large chamber of 
each aquarium and acclimated for 4 days. At the beginning of the treat­
ment, the aquaria were "spiked" with the stock chemical to the desired 
concentrations based on the calibration data. The metering device was 
hooked to the Mariotte bottle to deliver the chemical into the system. 
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Acetone, based on the calibration data, of approximately the same amount 
as in the highest concentration was delivered into the control aquarium 
through another metering device and Mariotte bottle. Fifteen rainbow 
trout sac-fry were then transferred from the hatching tray to each small 
chamber of the aquaria, thereby providing 30 sac-fry for each concentra­
t ion. 
During the static toxicity tests and during the acclimation and the 
first 4 days of the treatment of the flow-through tests, the test fish 
were not fed. After 4 days of treatment, the fish in the flow-through 
tests were fed two times a day with trout food "EWO" throughout the 30-day 
treatment period. The excess food was siphoned off daily. 
During the flow-through test the system and temperature were observed 
daily and the dissolved oxygen in all aquaria was measured 3 times during 
the test period. The measured DO ranged from 7.3 to 8.5 ppm. The test 
solution concentrations were analyzed chemically (Appendix D) twice during 
the test. The results of the chemical analysis were discussed in Appendix 
B. 
Test concentration 
The concentrations used in each static toxicity test were in a geo­
metric series. Although the logarithmic series of 1.0, 1.8, 3.2, 5.5, 10, 
etc. was normally used at the laboratory, in this study the logarithmic 
series of 1.0, 1.3, 1.8, 2.4, 3.2, 4.8, 5.6, 7.8, 10, etc. was used. The 
advantages of using intermediate concentrations are discussed later. Each 
test had at least two controls, one with solvent (acetone) and the other 
without solvent. The test concentrations in the static tests were not 
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analyzed chemically. Therefore, the concentrations reported were the 
calculated initial concentrations (nominal concentrations). 
There were some problems with the methods of the water chemical 
analyses of the samples taken from the flow-through tests (Appendix 3). 
The concentrations in the flow-through were therefore reported as the 
average calculated concentrations (nominal concentrations) based on the 
calibration data (Appendix A). However, the mean concentration as calcu­
lated by the chemical section for the aquaria with the highest concentra­
tions was used as the basis for the nominal diluter concentrations in each 
test. The chemical tests are probably better at the higher concentrations 
than in the lower range. The test concentration series of Pydraul 50E 
and triphenyl phosphate were 2590, 1830, 1290, 1015, 555, 455, 330 and 
450, 310, 240, 160, 125, 90, 55 ug/1, respectively. (The calculated 
nominal highest concentrations using the calibration data for Pydraul 50E 
and triphenyl phosphate were 3000 and 420 ug/1, respectively.) 
Biological data 
The numbers of dead fish and moribund (loss of equilibrium) fish were 
counted and recorded at 24, 48, 72 and 96 hours for static tests. In 
flow-through tests, the dead fish and moribund fish were recorded daily 
after the treatment started. The dead fish were removed from the test 
containers after counting and recording but the moribund fish were left in 
the containers. Any abnormalities of the test fish observed during the 
tests were recorded daily. 
At the end of the flow-through tests the surviving fish were anes­
thetized with MS 222 (Tricaine methanesulfonate) and were weighed and 
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measured for the studies of the effects of both chemicals on growth of 
rainbow trout sac-fry. 
Statistical analysis 
The acute lethal responses were considered as dichotomous quanta! 
responses and were analyzed for the median lethal or median effective con­
centrations by the method of Litchfield and Wilcoxon (1949). The per­
centages of responses considering only the mortalities were used in com­
puting median lethal concentrations (LC50). The percentages of responses 
considering mortalities and moribund fish were used in computing the 
median effective concentrations (ECso). 
For the rainbow trout sac-fry in flow-through tests, the data of the 
two small chambers were pooled together and analyzed as one batch per 
concentration. 
A valid test as recognized by the Committee (Stephan, 1975) must have 
had less than 35 percent of killed or affected fish at least in one con­
centration and more than 55 percent of killed or affected fish at least in 
another concentration. There must also be at least one other response 
point with some but not all fish showing a response between the lowest and 
the highest response points. The use of the concentration series of 1.0, 
1.3, 1.8, 2.4, 3.2, 4.8, 5.6, 7.8, 10, etc. instead of 1.0, 1.8, 3.2, 
5.6, 10, etc., reduced the numbers of tests which did not give fully valid 
results, as will be discussed later. 
The LCso and EC50 value was reported without 95 percent confidence 
limits and slope function in case: 1) there were no points between the 
lowest and the highest, usually 0 and 100, percent of responses in the set 
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of data, 2) the set of data had the lowest percentage of response of more 
than 35 percent but less than 50 percent or the highest percentage of 
response of less than 55 percent but more than 50 percent, or 3) the chi-
square value of the set of data was not in the acceptable chi-square range 
(Ps0.05) even when many possible lines were tried. 
In tests where less than half of the test fish died or were acutely 
affected in the highest concentration, the LCso or ECso value was reported 
as being greater than the highest concentration. 
The 95 percent confidence limits and slope functions were reported 
whenever possible. 
In addition, the 24-h LCso or EC50 and the 96-h L C 5 0  or ECso values 
of both static and flow-through tests were analyzed by the method of 
Finney (1971). 
The LCso or ECso values analyzed daily by the method of Litchfield 
and Wilcoxon in the flow-through tests were used to study the long-term 
acute exposure effects of the chemicals. 
The growth data were analyzed statistically by analysis of variance. 
A multiple means comparison analyzed by the method of least significant 
difference was used to determine significant differences in responses 
among concentrations (Snedecor and Cochran, 1974). 
Res ul ts 
General visual observations 
In flow-through tests the test fish with Pydraul 50E and tri phenyl 
phosphate (TPP) were less active corresponding with concentration and time 
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of exposure than the control fish. The severely affected fish exhibited 
impaired swimming and feeding activities. The more severely affected fish 
lay on the bottom of the aquaria without developing any signs of hyper­
activity as reported in some phosphate ester tests. 
In static tests hemorrhagic areas beneath the dorsal fin were de­
veloped in all rainbow trout sac-fry tested to the 4200 and 3200 yg/l 
Pydraul 50E concentrations and to the 550, 420 and 320 yg/1 TPP concentra­
tions, but did not develop in the lower test concentrations. The develop­
ment of hemorrhagic areas were not observed in the tests on rainbow trout 
fingerlings and bluegills nor in the tests with other chemicals. 
Before death occurred, moribund fingerlings showed a coloration 
change to very dark mixed with silvery color in some parts of body in the 
flow-through tests with Pydraul 50E. 
A distinctly distended abdomen was exhibited in some rainbow trout 
fingerlings exposed to TPP and some fish exposed to Pydraul 50E had some­
what distended abdomen but these were difficult to distinguish because 
there were many stages of distention, some due to recent feeding. At the 
end of the TPP flow-through test the percentages of the survival finger­
lings demonstrating distended abdomen were approximately 50, 30 and less 
than 10 percent at TPP concentrations of 310, 240 and 150 and lower, re­
spectively. Three distended abdomen fish were microscopically examined. 
The internal organs, gill, heart, liver and kidney of those three fish 
showed the pale coloration compared to control fish. 
The hemorrhagic area and impairment of swimming and feeding activi­
ties were similar to the observations of Nevins and Johnson (1977) on the 
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effect of Houghtosafe (a mixture of phosphate esters) and Pydraul 50E to 
bluegills, fathead minnows, channel catfish and rainbow trout. They con­
cluded that the symptoms (hypersensitivity to disturbance, development of 
hemorrhagic areas and impairment of swimming ability) could be the result 
of toxicant-induced vertebral damage, as described by McCann and Jasper 
(1972) in bluegills exposed to organophosphate pesticides. In their 
study, however, Nevins and Johnson stated that rainbow trout fingerlings 
showed less subacute effects than the other species. Impaired feeding 
activity, discolored internal fatty tissues and enlarged liver, and ele­
vated activities of glutamic oxalaceto transaminase and lactate dehydro­
genase in serum were observed in rainbow trout exposed to 0.9 mg/1 of IMOL 
S-140, a synthetic triaryl phosphate lubrication oil (Lockhart et al., 
1975; Wagemann et al., 1974). Goldfish exposed to 1 ppm of tris (2,3-
dibromopropyl) phosphate developed hyperactivity, fading of their gold 
color, anoxemia, bulging eyes, extended scales, disoriented swimming, 
sluggishness and rapid gill movement (May!in et al., 1977). 
Short-term acute toxicity 
The hydraulic fluid Pydraul 50E showed moderate toxicity to rainbow 
trout and bluegills. However, it was more toxic to rainbow trout than to 
bluegills with static 96-h LCso values of 1700 yg/l, 1330 yg/1 and 2550 
yg/1 for rainbow trout sac-fry, rainbow trout fingerlings, and bluegills, 
respectively (Table 1). The results are similar to the study of Nevins 
and Johnson (1977) who reported static 96-h LCso of 720 yg/l for rainbow 
trout fingerlings and 2200 ug/1 for bluegills. 
Table 1. Static acute toxicity analyzed by the method of Litchfield and Wilcoxon (1949) of Pydraul 
50E, three of its components, tri-p-cresyl phosphate and tris (2,3-dibromopropyl) phos­
phate to rainbow trout and bluegill 
Toxicant 
species 
LCso (95% CL) (yg/1) 
and slope function 
ECso (95% CL) (ug/l) 
and slope function 
Pydraul 50E 
Rainbow trout sac-fry 
Rainbow trout fingerling 
Bluegil1 
Tri phenyl phosphate 
Rainbow trout sac-fry 
Rainbow trout fingerling 
Diphenyl nonylphenyl 
phosphate 
Rainbow trout sac-fry 
Rainbow trout fingerling 
Oiphenyl cumylphenyl 
phosphate 
Rainbow trout sac-fry 
Rainbow trout fingerling 
24 h 96 h 
3420(3100-3770) 
1.119 
2000(1570-2550) 
1.482 
3200(2720-3770) 
1.205 
>560 
620(480-790) 
1.488 
>75000 
>56000 
>75000 
>75000 
1700(1410-2050) 
1.357 
1330(1030-1720) 
1.656 
2650(2300-3050) 
1.257 
310(240-400) 
1.937 
320(250-400) 
1 .462 
>75000 
>56000 
>75000 
>75000 
24 h 96 h 
2700(2400-3040) 
1.144 
1150(940-1410) 
1.388 
3000(2540-3550) 
1 .311 
>560 
320(230-440) 
1.681 
>75000 
>56000 
>75000 
>75000 
1500(1310-1720) 
1.245 
1090(900-1320) 
1.451 
2650(2300-3050) 
1.257 
310(240-400) 
1.937 
300(220-420) 
2 . 1 2 1  
>75000 
>56000 
>75000 
>75000 
Table 1. (Continued) 
LCso (95% CL) (pg/1) ECso (95% CL) (ug/1) 
Toxicant and slope function and slope function 
species 24 h 96 h 24 h 96 h 
Tris (2,3-dibromopropyl) 
phosphate 
Rainbow trout sac-fry 580(400-850) 240(190-300) 360(260-490) 200(160-240) 
2.105 1.592 1.854 1.382 
Rainbow trout fingerling 27508 1450(1270-1660) 2120(1840-2440) 1200(980-1470) 
1.240 1.172 1.385 
Bluegill 2530(2110-3040) 1330(1200-1480) 2200(1780-2710) 1330(1200-1480) 
1.434 1.128 1.514 1.128 
Tri-p-cresyl phosphate 
B1uegill >100,000 >100,000 >100,000 ^100,000 
®There were only points of 0% and 100% of response in the set of data. 
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The Pydraul 50E flow-through 96-h LC50 value for rainbow trout sac-
fry was 1550 ug/l, very similar to the results with the static test. The 
susceptibility of rainbow trout fingerlings in the flow-through test, 
however, was less than the susceptibility in the static test with the 
flow-through 96-h LCso value of 2150 ug/l (Table 2). 
In both static and flow-through tests, the toxicity of Pydraul 50E 
to rainbow trout increased with prolonged exposure from 24 h to 95 h 
(Tables 1 and 2). The increase in toxicity of Pydraul 50E with prolonged 
exposure was less with bluegills (Table 1). 
The tri phenyl phosphate static 96-h LC50 value was approximately 300 
yg/1 for rainbow trout indicating high toxicity (Table 1). Its toxicity 
was less in the flow-through test with the flow-through 96-h LCso value of 
more than 450 yg/1 for both rainbow trout sac-fry and fingerlings (Table 2). 
The static 96-h EC50 values of Pydraul 50E and TPP to each group of 
fish tested were relatively close to the static 96-h LCso values (Table 
1). Few fish showed responses without dying. The flow-through 96-h EC50 
values of both chemicals, in contrast, were markedly less than the flow-
through 96-h LCso values in all test fish (Table 2). The final acute 
toxicity was much more in the flow-through conditions than in the static 
conditions. The survival of the affected fish in the flow-through tests, 
on the other hand, was longer than the affected fish in the static tests 
resulting usually in higher values of 96-h LCso in the flow-through tests 
compared to the static tests. In static toxicity tests the chemical may 
be absorbed by the organisms, glass and silt (Earnest and Benville, 1972) 
resulting in lower test concentrations and thus less effect of the chemi­
cal compared to flow-through tests where chemical concentrations are 
Table 2. Flow-through acute toxicity analyzed by the method of Litchfield and Wilcoxon (1949) of 
Pydraul 50E and tri phenyl phosphate to rainbow trout 
Toxicant 
species 
LCso (95% CL) (ug/l) 
and slope function 
24 h 96 h 
ECso (95% CL) (yg/1) 
and slope function 
24 h 96 h 
Pydraul 50E 
Rainbow trout sac-fry >2590 1650(1443-1884) 770(698-844) 680(577-802) 
1.699 1.315 1.385 
Rainbow trout fingerling >2590 2150(1956-2363) 700(590-830) 640(546-751) 
1.303 1.790 1.562 
Triphenyl phosphate 
295(262-332) 240(212-272) Rainbow trout sac-fry >450 >450 
1.389 1.235 
Rainbow trout fingerling >450 >450 370(311-440) 260(220-307) 
1.811 1.924 
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maintained at desired levels. The lower LC50 values in the static tests 
than in the flow-through tests are thus not as expected. The affected 
fish survive longer in the flow-through test due to the better environ­
mental conditions such as maintenance of the dissolved oxygen, continual 
addition of test solution, and removal of degradation and metabolic prod­
ucts. Earnest and Benville (1972) suggested that oxygen and waste prod­
ucts may be the limiting factors in static tests. Probably this was true 
in these experiments with Pydraul 50E and TPP. 
Tri phenyl phosphate was the most toxic component of Pydraul 59E. The 
toxicities of the other two components, diphenyl nonylphenyl phosphate and 
d ipheny l  cumy lpheny l  phosphate  were  low w i th  the  96-h  L C 5 0  or  95-h  E C 5 0  
values of over 50,000 ug/1 (Table 1). 
The toxicity of tri-p-cresyl phosphate to bluegills was very low with 
the static 96-h LC50 or 95-h EC50 values of over 100,000 ug/l (Table 1). 
The susceptibility of rainbow trout sac-fry to tris (2,3-dibromo-
propyl) phosphate was very high with the static 95-h LC50 value of 240 
yg/1 while the susceptibilities of rainbow trout fingerlings and bluegills 
were moderate with static 96-h LC50 values of 1450 and 1330 yg/l, respec­
tively (Table 1). Goldfish exposed to 1000 ppb of tris were all killed 
within 5 days of exposure (Gutenmann and Lisk, 1975). As with Pydraul 50E 
and TPP the static 96-h EC50 values of tris to fish were relatively close 
to the static 95-h LCso values (Table 1). 
The short-term LC50 and EC50 values analyzed by the method of Finney 
(1971) shown in Tables 3 and 4 differ little from those determined by the 
method of Litchfield and Wilcoxon. The only differences of over 10 
Table 3, The static acute toxicity analyzed by the method of Finney (1971) of Pydraul 50E, tri-
phenyl phosphate and tris (2,3-dibromopropyl) phosphate to rainbow trout and bluegill; 
the second line indicates the difference from the corresponding values determined by 
the method of Litchfield and Wilcoxon (Table 1) 
Toxicant 
species 
Pydraul 50E 
Rainbow trout sac-fry 
Rainbow trout fingerling 
Bluegill 
Triphenyl phosphate 
Rainbow trout sac-fry 
Rainbow trout fingerling 
Tris (2,3-dibromopropyl) 
phosphate 
Rainbow trout sac-fry 
Rainbow trout fingerling 
Bluegill 
LCso (95% FL)^(ug/l) 
24 h 96 h 
ECso (95% PL) (pg/l) 
24 h 96 h 
3290(3106-4466) 
-130 
2054(1729-2384) 
+54 
3066(2732-3407) 
-134 
>560 
0 
625(497-743) 
+5 
427(348-568) 
-153 
2754b 
+4 
2352(1989-2810) 
-178 
1620(0-1949) 
-80 
1318(1136-1528) 
-12 
2518(2248-2831) 
-142 
389(307-497) 
+79 
299(258-394) 
-21 
220(184-259) 
-20 
1327(1189-1525) 
-123 
1323(1214-1499) 
-7 
2659(2481-2859) 
-41 
1172(1015-1393) 
+22 
2895(2523-3355) 
-105 
560 
0 
304(256-387) 
-16 
334(266-439) 
-26 
1955(1832-2154) 
-165 
2076(1653-2496) 
-124 
1362(1218-1559) 
-138 
1084(934-1272) 
-10 
2518(2248-2331) 
-142 
389(307-497) 
+79 
275(218-380) 
+25 
185(159-224) 
-15 
1162(978-1324) 
-38 
1323(1214-1499) 
-7 
CO 10 
^95% fiducial limits. 
^There were only points of 0 and 100% of response. 
Table 4. The flow-through acute toxicity analyzed by the method of Finney (1971) of Pydraul 50E and 
tri phenyl phosphate to rainbow trout; the second line indicates the difference from the 
corresponding values determined by the method of Litchfield and Wilcoxon (Table 2) 
Toxicant 
species 
Pydraul 50E 
Rainbow trout sac-fry 
Rainbow trout fingerling 
Tri phenyl phosphate 
Rainbow trout sac-fry 
Rainbow trout fingerling 
LCso (95% FL)a(iig/l) 
24 h 96 h 
>2590 
0 
>2590 
0 
>450 
0 
>450 
0 
1676(1517-1874) 
+26 
2143(1951-2411 ) 
-7 
>450 
0 
>450 
0 
ECso (95% FL)a(pg/l) 
24 h 96 h 
797(734-866) 
+27 
745(643-857) 
+45 
276(257-297) 
-19 
330(286-402) 
-40 
676(621-733) 
-4 
601(537-670) 
-39 
236(217-258) 
-4 
225(200-255) 
-35 
^95% fiducial limits. 
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percent were the static 96-h LC50 and ECso values for rainbow trout sac-
fry in triphenyl phosphate, the static 24-h LC50 for rainbow trout sac-fry 
in tris and the flow-through 24-h and 96-h EC50 for rainbow trout finger-
lings in triphenyl phosphate (Table 5). In these sets of data showing a 
difference of more than 10 percent in the values by the two methods the 
numbers of responses did not follow an expected rectilinear relationship. 
The results agree with the discussion by Finney (1971) who indicated that 
the fitting of the linear line used in the graphical method of Litchfield 
and Wilcoxon cannot take proper account of the working probits and weights 
used in the maximum likelihood estimation developed in his method. How­
ever, for good data with points close to a straight line and no responses 
near to 0 and 100 percent, the results from the graphical method are 
usually very close to those from maximum likelihood estimation. 
The sac-fry data in Table 5 exhibited an unusually high number of 
response fish in the low concentration in one set of data, and an unusually 
low number of response fish in the high concentration in another set. 
With the fingerlings in the flow-through test, the deviation from a recti­
linear regression was due to a lack of change in response number in middle 
concentrations. It is suggested that the number of test fish per batch 
(concentration) be increased or independent replications of the test be 
made. Jensen (1972) recommended 30 test fish per concentration. However, 
30 rainbow trout fingerlings in the acute flow-through test with triphenyl 
phosphate was inadequate for the ECso value determination (Table 5). 
The results in the static toxicity tests also indicated the advantage 
of using the logarithmic series of 1.0, 1.3, 1.8, 2.4, 3.2, 4.2, 5.6, etc. 
42 
Table 5. Observed accumulative lethal and effective responses in acute 
toxicity tests with more than 10 percent difference in the LCso 
or ECso values analyzed by the methods of Litchfield and 
Wilcoxon and of Finney 
Static test: 10 fish per concentration 
Triphenyl phosphate: Rainbow trout sac-fry: Lethal and effective 
responses 
yg/ia 1000 560 420  320 240 180 0 
96 h^ 10 7 4 3 5*^ 0 0 25.5% 
Tris (2,3-dibromopropyl) phosphate: Rainbow trout sac-fry: Lethal 
response 
ug/1 750 420 320 240  180 130 0 
2 4  h  1 0  2 ^  3  3  0  0 0  - 2 8 . 4 % °  
Flow-through test: 30 fish per concentration 
Triphenyl phosphate: Rainbow trout fingerlings: Effective response 
yg/1 450 310 240  160 125 90 55 0 
24 h 23 11 6: 6" 2 0 0 0 -10 .8% 
96 h 30 22 10 6^ 6^ 3 0 0 -13.5% 
^Test concentration. 
^Exposure time. 
^Unexpected values, causing the difference between the two methods. 
^Percent difference in the L C s o  or E C s o  values analyzed by the two 
methods; - indicated less value analyzed by the method of Finney than by 
the method of Litchfield and Wilcoxon. 
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as test concentrations over the standard test concentration series of 1.0, 
1.8, 3.2, 5.5, etc. The advantage was indicated by a reduction in the 
number of sets of data with no point of response between the 0 and 100 
percent responses, from which the LC50 or EC50 values were estimated 
(Table 6). Confidence limits and slope functions could not be determined 
for 20% of the LC50 values and 13.3% of the EC50 values, but with the 
greater number of concentrations only 6.7% of the LC50 and none of the 
ECso values were inadequate. 
Long-term acute toxicity 
The LCso  and EC50  values with 95  percent confidence limits and the 
slope functions in the long-term flow-through study are presented in 
Appendix G. The 25 to 30 day Pydraul 50E LC50 values when first analyzed 
by the method of Litchfield and Wilcoxon were lower than the corresponding 
ECso which should not be possible. The data for those tests showed a 
fluctuation of points, departure from the provisional straight line, and 
high percentages at the lowest response concentration, resulting in varia­
tion in fitting the provisional straight line and in determination of the 
LC50 and ECso values. A second refitting of these lines, which were at 
least equally satisfactory resulted in the LCso and ECso values given in 
Appendix G. This experience, however, demonstrates the variability which 
may occur in LCso and ECso values determined by visual fitting of the 
regression line when the data show a higher degree of variability. 
When LCso values for rafnbow trout sac-fry and fingerlings exposed to 
Pydraul 50E were plotted against time of exposure (Figure 3), two periods 
of lethal response were evident. There was little mortality between the 
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Table 6. Number of sets of data with no point of response between the 0 
and 100 percent response in static acute toxicity tests& with 
the standard series of concentrations and with the modified 
series 
Toxicant Species 
Test concentration series 
Standard^ Modified^ 
Pydraul 50E Rainbow trout sac-fry 1(1 )d  0 (0 )  
Rainbow trout fingerling 0(0) 0(0) 
Bluegill 0(0) 0(0 )  
Tri phenyl phosphate Rainbow trout sac-fry® 0(0) 0(0) 
Rainbow trout fingerling 0(0 )  0 (0 )  
Tris (2,3-bromo- Rainbow trout sac-fry 0(0) 0(0) 
propyl) phosphate Rainbow trout fingerling 1(0) 1(0) 
B1uegill 1(1) 0(0) 
Totals (out of 15 sets in each column) 3(2 )  1 (0) 
^Only the 24-h and 96-h responses were considered. 
'^Standard test concentration series of 1.0, 1.8, 3.2, 5.5, etc. 
^Modified test concentration series of 1.0, 1.3, 1.8, 2.4, 3.2, 4.2, 
5.5, etc. 
^In parentheses is number of effective response. 
®Only the 96-h response was considered. 
4th and 9th day. The decline in LC50 values was more gradual during the 
second period of mortality than during the first period and leveled off 
somewhat at 18 days with sac-fry and 23 days for the fingerlings. The 
ECso values (Figure 4) also showed two periods of response, with an inter­
mediate period with no change from the 2nd day to the 12th day with sac-
Figure 3. The LC50 value-time of exposure relationships of rainbow 
trout sac-fry and fingerlings, exposed to Pydraul 50E for 
30 days. 
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Figure 4. The ECso value-time of exposure relationships of rainbow 
trout sac-fry and finger!ings, exposed to Pydraul 50E for 
30 days. 
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fry and the 4th to the 18th day for finger!ings. The ECso values fluctu­
ate somewhat from day to day as some of the moribund fish recover. 
In the test with triphenyl phosphate (Figure 5), the highest concen­
trations tested may not have been enough to detect an early decline in 
LCso values, as the first LCso values which could be computed were not 
until the 13th day and 16th day for sac-fry and fingerlings, respectively. 
The ECso values for triphenyl phosphate (Figure 6) fluctuated quite a bit 
ar.d in the sac-fry the values were lower for days 2 to 5 than later indi­
cating that many of the sac-fry showed sublethal effects and recovered or 
that there were difficulties in distinguishing normally inactive sac-fry 
from moribund individuals. 
Brown (1973) suggested that any response in a toxicity study should 
be described in terms of time-independent (time-asymptotic) concentration. 
Green (1965) provided a means of estimating the time-independent median 
lethal concentration from an experiment carried out over a finite period 
by using the analysis of regression for the LCso value-reciprocal of ex­
posure time relationship, and the Y-intercept (a) value represents the 
time-independent LCso- However, the method of Green could not be applied 
to this study because the two periods of mortality separated by a period 
with little change in LCso values did not provide a suitable linear re­
gression as in his example, even if the first-period or the second-period 
responses were analyzed separately. In Green's example, the total time of 
exposure was very short (48 h) and was divided into 5 intervals only and 
the data could be treated linearly. In this study, there is evidence of 
Figure 5. The LC50 value-time of exposure relationships of rainbow 
trout sac-fry and fingerlings, exposed to triphenyl phos­
phate for 30 days. 
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Figure 6. The EC50 value-time of exposure relationships of rainbow 
trout sac-fry and fingerlings, exposed to tri phenyl phos­
phate for 30 days. 
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an asymptotic response in each of the two periods of mortality (Figures 
3 and 5). 
Examination of Figures 3 to 6 indicate approach to an asymptotic LC50 
which could be estimated for Pydraul 50E at 420 ug/1 for rainbow trout 
sac-fry and 600 yg/1 for rainbow trout fingerlings and for triphenyl 
phosphate at 250 ug/1 for sac-fry and 240 ug/1 for fingerlings. The 
corresponding asymptotic EC50 values were 410, 500, 260, and 230 yg/1. 
Another approach for long-term acute toxicity estimation is the 
lowest LC50 or EC50 value (Table 7). In most cases the lowest LC50 or 
EC50 values were the LC50 or EC50 values of the longest period of exposure 
but the lowest EC50 value for rainbow trout sac-fry tested to triphenyl 
phosphate was the value of the second day exposure. As previously indi­
cated the recovery of many fish showing sublethal effects after 2 days of 
exposure and the difficulties in distinguishing inactive sac-fry from 
moribund individuals, might be responsible for this low ECso-
Growth study from the long-term acute exposure 
The mean lengths and mean weights of the surviving rainbow trout 
sac-fry and fingerlings exposed to Pydraul 50E and triphenyl phosphate 
were significantly less (P<0.05) than for control fish at the end of the 
long-term acute exposure (30 days) (Tables 8 and 9). Even at the lowest 
concentration tested of Pydraul 5ÛE, 330 ug/1, the growth rate was lower 
than in the control. The reduction in growth might be an indirect effect 
by impairing the feeding activity and/or a direct effect on fish metabo­
lism. More details in physiochemical and growth effects of Pydraul 50E on 
rainbow trout are discussed in the section on partial chronic study. 
Table 7. The lowest LC50 and EC50 values analyzed by the method of Litchfield and Wilcoxon for 
rainbow trout exposed to Pydraul 50E or tri phenyl phosphate for 30 days 
Toxicant LC5o(95% CL) Day of EC5o(95% CL) Day of 
species (yg/1 ) exposure (yg/l) exposure 
Pydraul 50E 
Rainbow trout sac-fry 410 30 405 30 
Rainbow trout fingerling 585(484-707) 30 460^ 29 
Tri phenyl phosphate . 
Rainbow trout sac-fry 260(224-302) 30 235(211-261)° 2 
Rainbow trout fingerling 240^ 30 225® 30 
^The data were inadequate to estimate 95% confidence limits. 
^Because of the questions as to whether the fry were actually moribund, this value should be 
replaced by the value on the 30th day, 260 yg/1. 
Table 8. Lengths and weights measured at the end of the long-term acute exposure of the surviving 
rainbow trout sac-fry and finger!ings exposed to Pydraul 50E 
Sac-fry Fingerling 
Concentration® (pg/l) Length^ (mm) Weight^ (g) Sample size Length^ (mm) Weight^ (g) Sample size 
Control 36.7+2.7 0.534+0.122 28 62.4+3.5 2.553+0.481 29 
330 23.2±1.2S 0.089+0.0135 12 45.9+5.8% 1.110±0.416S 19 
450 23.U1 .5S 0.091+0.021% 14 41.8+3.gs 0.792+0.311% 19 
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- - - 41.5+2.7% 0.693+0.174^ 18 
1015 - - - 43.0+1.45 0.670±0.014S 2 
^Nominal concentration. 
^Mean ± standard deviation. 
^Significant difference from the control ( L S D o . o s ,  df). 
Table 9, Lengths and weights measured at the end of the long-term acute exposure of the surviving 
rainbow trout sac-fry and fingerlings exposed to triphenyl phosphate 
Sac-fry Fingerling 
Concentration^ 
(yg /1 )  
Length^ 
(mm) 
Weight^ 
(g )  
Sample 
size 
Length^ 
(mm) 
Weight^ 
(g )  
Sample 
size 
Control 37 .9+2 .5  0 .525±0 .121  25  59.2+4.3 2 .150+0 .405  25  
55  33 .8±2 .7^  0 .40510 .103% 29  57 .6+3 .5  2.152+0.384 29  
90  31.4+3.ys 0 .351+0 .130% 29  55 .3+4 .3% 2 .057±0 .415  24  
125  32 .1+2 .8% 0 .372+0 .098% 27  50 .7+4 .7% 1 .870+0 .461% 18  
160  28 .9+2 .9S  0 .266+0 .090% 29  47.1+5.8S 1 .47310 .529S  21  
240  25 .3+2 .8% 0 .194+0 .079% 22  44 .5+4 .1S  1 .22010 .376% 20  
310  23 .4+2 .0% 0.133+0.037% 7  43 .9+2 . IS  1 .048+0 .180% 9  
^Nominal concentration. 
^Mean ± standard deviation. 
^Significant difference from the control (LSDo.os, df). 
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PARTIAL CHRONIC STUDY 
There is little information available on the chronic toxicity of 
triaryl and alkyl aryl phosphate esters to fish, by which biological 
significance in the aquatic environment and the safe concentration can be 
assessed. Full chronic toxicity experiments, however, require high risk 
and extended time to conduct (Mayer et al., 1977c). Partial chronic tests 
can be completed in a shorter time and by testing various parameters may 
identify chronic effects. A 90-day study of the effects of subacute con­
centrations of Pydraul 50E on the early life history of rainbow trout was 
therefore conducted to provide data on the chemical and to determine the 
feasibility of short-cut methods in determining chronic toxicity. It was 
anticipated that some pathological conditions could be detected in this 
time period. 
Determinations of vertebral collagen and hydroxyproline concen­
tration were used successfully as biochemical indicators of growth of 
brook trout, fathead minnows, and channel catfish exposed to sublethal 
concentrations of the insecticide, toxaphene (chlorinated camphene) 
(Mayer et al., 1977c). Their usefulness was confirmed by the same group 
of investigators in studies on a dielectric fluid, Aroclor 1254 (poly-
chlorinated biphanyl), a herbicide, dimethylamine salt of 2,4-D (phenoxy-
acetic acid), and a plasticizer, di-2-ethylhexyl phthalate (phthalic acid 
ester). Vertebral collagen, hydroxyproline content and other biochemical 
constituents of backbone were therefore tested with the rainbow trout ex­
posed to Pydraul 50E. 
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Literature Review 
Collagen provides most of the fibrous protein in connective tissues 
of animals (Mussini et al., 1967). In bone, collagen fibers constitute 
approximately 97 percent of the organic matrix, with the other 3 percent 
being extracellular fluid, mucoprotein, chondroitin sulfate and hyaluronic 
acid (Guyton, 1966). 
In collagen biosynthesis, the conversion of proline to hydroxyproline 
by peptidyl proline hydroxylase enzyme and vitamin C (ascorbic acid), with 
a ketoglutarate and ferrous ion as cofactors is an important unique 
enzymatic step because collagen is the only animal protein that contains 
hydroxyproline (Mussini et al., 1967). The conversion of lysine to 
hydroxylynine also occurs in the collagen formation. The formation of 
hydroxylysine is mediated by lysine hydroxylase (Nusgens et al., 1972). 
Mehrle and Mayer (1975a,b) and Mayer et al. (1977b) found that 
toxaphene induced a reduction in collagen and an increase in mineral and 
the ratio of mineral to collagen in fathead minnow fry, brook trout fry 
(starting the test with eggs), and adult channel catfish. They hypothe­
sized that the effects of toxaphene on bone development were related to 
stimulus of microsomal hydroxylase enzymes that are responsible for de­
toxification, conversion of proline to hydroxyproline, and vitamin C 
metabolism. Drugs and foreign chemicals are metabolized oxidatively by 
liver microsomal enzymes (Kuntzman et al., 1964). Besides the involvement 
in the conversion of proline to hydroxyproline in the biosynthesis of 
collagen, ascorbic acid can function in the hydroxylation of other sub­
stances including aromatic compounds and fatty acids (Conn and Stumpf, 
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1972). Organochlorine pesticides caused vitamin C deficiency which de­
pressed the induction of microsomal hydroxylase activity which is an im­
portant adaptative process influencing the toxicity of such chemicals 
(Wagstaff and Street, 1971). Mayer et al. (1977b) and Mehrle and Mayer 
(1975a,b) further hypothesized from their investigations that competition 
for vitamin C between the detoxification processes and the collagen forma­
tion processes might exist. This would result in vitamin C deficiency for 
the collagen synthesis. 
The reduction in whole-body vitamin C in adult channel catfish ex­
posed to toxaphene was observed by Mayer et al. (1977b). They pointed out 
that reduction in vitamin C and collagen, and concomitant increase in the 
ratio of mineral concentration to collagen caused brittle backbones and 
backbone anomalies in fathead minnows. However, the mechanism causing the 
phenomenon was not completely understood. 
The process of calcium and phosphorus deposition in bone is as 
follows (Guyton, 1966): CaHPO^ is the initial salt to be deposited in 
bone. However, in the normal state, the production of Ca^"*" and HPO^" in 
the extracellular fluid is approximately only one-third of the solubility 
product for CaHPO*. Consequently, the precipitation of CaHPOi» from the 
extracellular fluid cannot occur without a specific physiological mecha­
nism which is not known. However, it is generally believed that the 
collagen fibrils possibly in association with some mucopolysaccharides 
provide special conditions that cause CaHPOi» to be precipitated. In a 
literature survey Irving (1973) stated that at least one peptide rich in 
anionic amino acids and organic phosphorus is contained in bone collagen 
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and may be responsible for the initiation of calcification. Nusgens et 
al. (1972) indicated that calcium salts are normally deposited within and 
around collagen fibrils but there is no conclusive evidence that collagen 
is directly responsible for calcification in living tissues. 
Organophosphates are cholinesterase inhibitors (O'Brien, 1960). 
Certain organophosphates such as the triesters, tri-o-cresyl phosphate and 
triphenyl phosphate are delayed neurotoxins (Hamilton and Hardy, 1974). 
Those chemicals inhibit carboxylesterases and cause nerve demyelination 
and axon degeneration (Buck et al., 1975; Hamilton and Hardy, 1974). 
Materials and Methods 
Experimental design and conditions 
In the experiment 14 different test concentration levels and 2 con­
trols were maintained by using two 25 percent proportional diluters 
modeled after Mount and Brungs (1957) and modified by McAllister et al. 
(1972). The general design, material used, diluter delivery system, test 
conditions, stock solution preparation, and diluter cleaning method were 
those previously described in the acute toxicity section. 
The oxygen saturated well water as previously described was used as 
the dilution water. The test temperature was maintained at 12°±0.5°C 
throughout the experiment. 
The test animals were 8-day rainbow trout sac-fry of an average 
weight of 0.078 g (s^ = 0.019 g, n = 50) and average length of 23.5 mm 
(s^ = 1.2 mm, n = 50) hatched in a trout hatchery tray at the Columbia 
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National Fisheries Research Laboratory. The same batch of Pydraul 50E 
tested in acute toxicity tests was used as the test chemical. 
Test procedure 
After measurement by the photographic method (Martin, 1967) 25 rain­
bow trout were transferred from the hatching tray to each small chamber 
(growth chamber) of the aquaria which were already treated with Pydraul 
50E to the desired concentrations. The same amount of acetone, the 
solvent used, as in the highest concentration of Pydraul 50E was delivered 
into the controls. The large chamber (residue chamber) of each aquarium 
was stocked with 300 rainbow trout sac-fry from the same hatchery tray. 
During the test the dilater system and temperature were observed 
daily. The dissolved oxygen was maintained at above 6.5 mg/1 throughout 
the test period by using an air-stone in each aquarium. The air-stone was 
adjusted to operate at the minimum level which would provide the desired 
dissolved oxygen. 
The fish were exposed continuously to the chemically contaminated 
water for a 90-day period and to contaminant-free water for an additional 
30-day period. The contaminant-free water was operated simply by dis­
connecting the chemical delivery system. Because of the high mortality in 
the diluter with the high concentration series, the chemical exposure 
period of this diluter was shortened to a 30-day period. The test concen­
trations were analyzed chemically (Appendix D) once prior to placing the 
fish into the aquarium and once every 3 to 4 weeks throughout the exposure 
period (Appendix B). 
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The test fish were fed 4 times a day during the first week of the 
exposure period with brine shrimp and the synthetic food developed at the 
Columbia National Fisheries Research Laboratory. However, the test fish 
showed abnormally high mortality. The food fed to the fish therefore was 
switched to trout food "EWO" and fed 4 times a day with an excess amount 
throughout the whole test period. The excess food was siphoned off daily 
from the aquaria. 
Test concentration 
The highest test concentration was set at about 0.1 of the static 
96-h LCso of Pydraul 50E to rainbow trout. The nominal highest concentra­
tion was 200 ug/1 in one diluter and 15 yg/1 in the other diluter. Due to 
some problems in chemical analysis, the test concentrations reported in 
this study were based on the average highest concentration analyzed chemi­
cally and the calibration data for the sequential concentrations (Appendix 
B). The test concentration series was 192, 136, 96, 75, 48, 34, and 24 
yg/1 for the high concentration diluter and 15, 11, 8, 6, 4, 3, and 2 ug/1 
for the low concentration diluter. 
Biological data 
The number of dead fish were counted, recorded and removed from the 
test containers daily. Any visual morphological and behavioral abnormali­
ties of the test fish during the experiment were also observed and re­
corded daily. 
The test fish in the growth chambers were measured by the photo­
graphic method (Martin, 1967) for the 15 and 30-day exposure period and by 
a measuring board for the 60 and 90-day exposure period of the low 
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concentration diluter. The fish were anesthetized prior to measurement on 
the measuring board. After the measurement at the 15, 30, 60 and 90-day 
exposure period the number of test fish in each growth chamber was ad­
justed down to 15, 10, and 5, respectively. At the end of exposure period 
the fish in the growth chambers were transferred and mixed with the fish 
in the residue chambers for elimination study. 
The test fish in the residue chambers were sampled for pathological, 
physiochemical and residue dynamics studies on 15, 30, 60, and 90-day ex­
posure period and on 3, 7, 15 and 30-day elimination period. However, the 
fish from the high concentration diluter were sampled only on the 15th and 
30th day and on the 30th day of elimination period. The number of fish 
sampled from each aquarium at each sampling time was based on the number 
of fish needed for the studies, the mortality during the test period, and 
the maintenance of similar numbers of fish left in each chamber. The 
numbers of fish sampled for each study and sampling time are shown in 
Appendices H, I and J. 
Pathological analysis 
Fish samples were collected for pathological analysis at periods 
throughout the study (Appendix J). The fish were anesthetized in MS 222 
and killed and hardened immediately in Bouin's fluid^ for 3 days and de­
calcified in a solution of 3 percent nitric acid in 70 percent ethyl 
^Bouin's fluid is the mixture of saturated aqueous solution of picric 
acid, 37-40% formaldehyde (formalin) solution, and glacial acetic acid in 
the proportions of 15:15:1 (Armed Forces Institute of Pathology, 1960). 
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alcohol for at least 3 days. The specimens were then transferred to the 
pathological section of the laboratory for analyses (Appendix K). 
Biochemical analyses 
The fish samples for biochemical analyses (Appendix H) were frozen 
immediately. Fish from the stored samples were analyzed at the end of the 
experiment by the physiological section of the Columbia National Fisheries 
Research Laboratory. Six to eight fish from each sample were used in the 
analyses. 
For the analysis, the backbone was dissected from individual fish and 
dried at 110°C for 2 h in a forced air oven. Proline, hydroxyproline, 
calcium and phosphorus were directly determined from the whole dried 
backbone for the samples of the 30-day and 60-day exposure period and of 
the 30-day elimination period of the high concentration diluter. Each 
dried backbone of the 90-day exposure period and the 30-day elimination 
period of the low concentration diluter was split into two portions, the 
posterior portion for collagen test and the anterior portion for mineral 
determination. Each portion was weighed. The mineral portion was used to 
determine calcium, phosphorus, proline, hydroxyproline and total a-amino 
N. 
Collagen was isolated by the method of Flanagan and Nichols (1962) as 
follows: 
1) Shake the backbone overnight once at room temperature with 5 ml 
0.1 N NaOH and twice at 5°C with 5 ml 10% EDTA at pH 7.5. 
2) Wash the bone with water and acetone. 
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3) Shake at room temperature for 2 h with 5 ml of EToH-Ether solution 
( 1 : 1 ) .  
4) Dry the bone on a hot sand bath plate at approximately 90°-100°C. 
5) Weigh the residue to determine the pure collagen. 
The mineral portion or the whole dry backbone (of the small fish) was 
hydrolyzed at 145°C for 3 h with 1 ml 6 N HCl. The method provided by 
Woessner (1961) was used to determine hydroxyproline as follows: 
1) Neutralize 500 yg hydrolysate with NaOH to a pH of 6 to 7 using 
0.02% methyl red as indicator and dilute up to 2.5 ml. 
2) React 500 ul of unknown (neutralized sample), blank (HzO), and 
standard (prepare by dissolving 25 mg hydroxyproline in 250 ml 
0.001 N HCl and dilute 500 ul of the prepared solution up to 10 
ml to give 5 yg/ml of hydroxyproline) with 1 ml chloramine T 
(sodium p-toluenesulfonchloramide) by shaking in a Vortex mixer 
for 5 min and allowing to stand for 20 min. 
3) Mix with 1 ml perchloric acid and let stand for 5 min. 
4) Mix with 1 ml p-dimethylaminobenzaldehyde. 
5) Heat in water bath at 60°C for 20 min. 
6) Cool in tap water for 5 min. 
7) Read on the DU-2 spectrophotometer at the wavelength of 557 my. 
Proline was determined by the colorimetric method derived from 
Chinard (1952) and Troll and Lindsley (1954) as follows: 
1) Mix 300 yl of unknown (neutralized sample left from the hydroxy-
proline analysis), blank (H2O), and standard (100 yg L-proline per 
1 ml H2O) with 1 spatula full of permutit and stand for 5 min. 
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2) Mix with 1 ml acetic acid and 1 ml Ninhydrin reagent. 
3) Heat in water bath at 100°C for 1 h. 
4) Cool to room temperature. 
5) Read on the DU-2 spectrophotometer at the wavelength of 515 my. 
The total a-amino-N was determined by the colorimetric method derived 
from Nitecki et al. (1967) and Satake et al. (1960) as follows: 
1) Mix 100 yl of unknown (hydrolysate), blank (6 N HCl), and standard 
(50 mg leucine per 100 ml 6 N HCl) with 1.5 ml 4% NaHCOs and 1 ml 
0.1% 2,4,6-trinitrobenzene sulfonic acid. 
2) Incubate at 40°C for 2 h in the dark. 
3) Dilute with 3.6 ml IN HCl. 
4) Read on the DU-2 spectrophotometer at the wavelength of 340 my. 
Phosphorus and calcium were also analyzed from the hydrolysate but 
not neutralized. The ultramicro method adapted from the method of Fiske 
and Subbarow (1925) by Beckman Instrument, Inc.^ (1962) was used for the 
phosphorus determination as follows: 
1) Dilute 100 yl hydrolysate with 500 yl HzO. 
2) Mix 25 yl of unknown (diluted sample), blank (HzO), and standard 
(16 mg of dried KH2PO4 in 100 ml H2O) with 20 yl molybdic acid, 
150 yl H2O, and 20 yl of aminonaphtholsulfonic acid and allow to 
stand for 30 min. 
3) Read at once on the DU-2 spectrophotometer at the wavelength of 
650 my. 
^Beckman Instrument, Inc. 1962. Method of analysis with the Beckman 
Model 150 ultramicro-analytical system. 
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Calcium was determined by atomic absorption spectrophotometer as 
fol 1ows: 
1) Mix 25 yl hydrolysate with 2 ml of 500 ppm La^^* solution 
(LaCls'SHzO 1.27 g in 1000 ml distilled HgO to give 500 ppm La*^^ 
solution). 
2) Run on atomic absorption spectrophotometer against standard 
(atomic absorption standard calcium which was made with 500 ppm 
La*^* solution). 
Because the samples of fish for 15-day exposure period were too small 
to remove the backbone, the whole fish was therefore used for the deter­
mination of hydroxyproline, proline, vitamin C and total protein. 
Hydroxyproline and proline were analyzed as follows: 
1) Homogenize the fish with KCl-Tham buffer pH 7.5 and make up to 
1.5 ml. 
2) Centrifuge and preserve 100 yl of the homogenized supernatant for 
total protein analysis. 
3) Mix the remaining homogenate with 1.5 ml of 10% trichloroacetic 
acid. 
4) Centrifuge and aspirate off the supernatant for vitamin C test. 
5) Hydrolyze the remaining homogenate with 4 ml 6 N HCl at 145°C for 
3 h and dilute to 5 ml. 
6) Neutralize 2 ml hydrolysate with NaOH and make up to 5 ml. 
7) Determine hydroxyproline and proline from the neutralized sample 
by the previously described methods. 
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Vitamin C was analyzed by the method of Roe (1954) as follows: 
1) Mix 200 ul of the supernatant aspirated off in the proline and 
hydroxyproline tests, 200 yl blank (10% trichloroacetic acid), 
and 200 ul standard (1 mg ascorbic acid in 100 ml 10% trichloro­
acetic acid) with 100 yl dinitrophenylhydrazine-thiourea-cupric 
sulfate reagent. 
2) Incubate in water bath at 37°C for 3-4 h and chill in ice bath. 
3) Mix with 400 yl 55% H2SO4 and allow to stand for 30 min at room 
temperature. 
4) Read on the DU-2 spectrophotometer at the wavelength of 520 my. 
The method of Lowry et al. (1951) modified by Mattenheimer (1970) was 
used to determine total protein as follows: 
1) Mix 100 yl unknown (homogenized supernatant previously preserved), 
blank (H2O), and standard (200 mg bovine serum albumin in 25 ml 
H2O) with NaCOs-CuSOit mixture and allow to stand for 10 min. 
2) Add 100 yl 1 N Fol in reagent and let stand for another 20 min to 
2 h. 
3) Read on the DU-2 spectrophotometer at the wavelength of 600 my. 
Residue analysis 
The samples of fish collected for residue analysis were frozen inme-
diately and stored for later analysis by the Chemistry Section of the 
Columbia National Fisheries Research Laboratory (Appendix I). 
Statistical analyses 
Growth and biochemical data were analyzed generally by the analysis 
of variance to determine those sets of data with significant differences. 
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A multiple means comparison analyzed by the method of least significant 
difference then was used to determine where differences between treatments 
and control occurred. The effects of Pydraul 50E on mortality were deter­
mined by applying the variance test for homogeneity of the binomial 
distribution (Snedecor and Cochran, 1974). 
Results 
General visual observation 
Abnormally pale coloration in rainbow trout fry was observed after 7 
days exposure in Pydraul 50E ranging from 24 to 192 ug/1 and 100 percent 
of the fry showed abnormal color after 30 days exposure. Only a few fry 
with abnormal coloration were found in the 11 and 15 ug/1 concentrations, 
and in the concentrations below 11 ug/1, no fish exhibited abnormal colora­
tion throughout 90 days exposure. 
The fry exposed to the 24 to 192 ug/1 Pydraul 50E showed impaired 
swimming and feeding activities. The fry did not show hemorrhagic areas 
as were seen in the static acute toxicity experiments. They were not 
superactive which was similar to the flow-through acute test. The im­
paired fish lay on the bottom of the test containers. The swimming and 
feeding impairment was less severe in the fry tested at lower concentra­
tions. 
Abnormally distended abdomens as found in the acute flow-through test 
with rainbow trout fingerlings were developed in fry after 45-day exposure 
to the 8 to 15 ug/1 Pydraul 50E but not in the concentrations higher or 
lower than this range. 
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After 30 days exposure to the 24 to 192 pg/1 Pydraul 50E, all test 
fish developed an opaque area in the eye which was considered to be a type 
of cataract (Figure 7). The opaque eye was also found in some fish ex­
posed to the lower concentrations. The approximate percentage of the 
rainbow trout fry exhibiting the opaque area in the eye was recorded 
during the growth measurement as follows: 
Percentage of fish with opaque eye 
concentration (ug/1) 
Test time (day) Control 2 3 4 6 8 11 15 
60 days exposure 0 0 0 0 0 5 70 90 
90 days exposure 0 0 0 0 0 10 90 100 
15 days elimination 0 0 0 0 0 35 80 100 
30 days elimination 0 0 0 0 5 40 75 100 
In addition, variations in the opaque area in the eye of treated fish 
were observed (Figure 7B) and the size of the abnormal eyes was smaller 
than the normal eyes. Photographs of the eyes of several control and 
treated fish with the abnormal eyes were taken at the end of 60 and 90 
days exposure and 30 days elimination. Head length (from the end of the 
snout to the end of operculum) and the broadest vertical and horizontal 
diameters of the eyes were measured from projected images of the photo­
graphs. The ratios of the eye diameter to head length of the abnormal 
eyes were lower than the eye of the control fish (Table 10). The color 
change, the opaque eye, and the reduction in the size of the eye in rain­
bow trout fry suggest that Pydraul 50E affected the sensory system in the 
treated fish. The physical and pathological effects were distinctly dif­
ferent between the 15 and 24 Pydraul 50E concentrations. 
Figure 7. Photographs of eyes of rainbow trout exposed to 2 to 15 
ug/1 Pydraul 50E; A - a, normal eye from control fish and 
b, abnormal eye; B - a and b, severely abnormal eyes and 
c and d, abnormal eyes. 
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Table 10. Ratios of eye diameter to head length of rainbow trout fry ex­
posed to the 2 tolSyg/l Pydraul 50E 
Fish eye^ 
Ratio of eye diameter to head length 
Horizontal Vertical 
Control 0.130 0.102 
0.134 0.113 
0.147 0.122 
0.124 0.117 
X 0.134 0.113 
S.D. 0.010 0.008 
Abnormal 0.080 0.102 
0.095 0.109 
0.120 0.113 
0.131 0.123 
0.133 0.111 
0.088 0.099 
0.105 0.098 
0.102 0.094 
X 0.107 0.106 
S.D. 0.020 0.010 
Severely abnormal 0.048 0.033 
0.063 0.056 
0.045 0.031 
X 0.052 0.040 
S.D. 0.009 0.014 
^Refer to Figure 7 for more understanding of the characteristics of 
control, abnormal, and severely abnormal eyes. 
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The fish exposed to Pydraul 50E and continuously exposed to clean 
water for 30 days showed improvement in coloration and swimming activity. 
However, the opaque eyes persisted and the fish did not feed as vigorously 
as the controls. 
Pathology 
The pathological examinations by the pathological section of the 
Columbia National Fisheries Research Laboratory for the specimens taken at 
9C-day exposure to the 2 to 15 yg/1 generally showed the similar effect of 
Pydraul 50E on the eyes as the visual observations. The summary of their 
examinations follows. 
Pydraul 50E exposure did not have significant effects on liver tis­
sue. There were areas of focal necrosis and atrophic cells observed in 
the treated fish, but these lesions were not pronounced enough to state 
that Pydraul 50E caused significant liver damage. 
Pydraul induced lesions in the eyes that could have adverse influ­
ences on the health and behavior of trout. The following is a summary of 
the lesions observed. 
Controls: eyes appear normal. 
2 ag/l: Pydraul had no effect. 
3 ^g/1: Degeneration of the retractor muscle in the eye with connective 
tissue infiltration in the muscle. 
A yg/1: Degeneration of retractor muscle and an apparent fusion of the 
muscle with the iris. This condition may be responsible for the 
abnormal, "egg-shaped" appearance of the pupil that was visibly 
apparent. 
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5 ug/1: 1. Same effects on retractor muscle as described in 3 and 4yg/l, 
2. Irregular shaped cornea observed and degeneration of retina. 
8 ug/1: 1. Retractor muscle effects as before. 
2. Irregular shaped corneas. 
3. Retinal degeneration and changes in retinal pigmentation. 
11 ug/l : 1. Same effects on muscle, cornea and retina as before. 
2. Degeneration of lens tissue noted. This condition could be 
termed a lens cataract. The fish appear to be blind. 
15 ug/l: 1. Same effects on muscle, cornea, and retina. 
2. Degeneration of lens tissue or cataract condition prevalent. 
Fish appear to be blind. 
Mortality 
At the 15-day exposure the accumulated number of dead rainbow trout 
fry fluctuated independently of the concentrations including the controls 
(Table 11). The percentage of mortality ranged from 5.1 to 12 percent 
(Table 12). Mortalities in the controls ceased after 11 days exposure but 
no significant difference in mortalities among concentrations was observed 
during the 12 to 15 days exposure. The critical life-stage (sac-fry to 
swim up fry) of test fish and the improper synthetic food in the first 7 
days exposure were the probable causes of mortalities in this exposure 
period, though Pydraul 50E may have been a factor also. The mortalities 
after 15 days exposure were considered as direct and indirect effects of 
Pydraul 50E. Mortalities progressively increased with concentrations 
ranging from 15 to 192 ug/l for the 30-day exposure, and from S to 15 
ug/l Pydraul 50E for the 61-90 day exposure (Tables 11 and 12). However, 
Table 11. The numbers of dead and live rainbow trout fry in the aquaria tested to Pydraul 50E at 
different time intervals of exposure and elimination 
Time 
Concentration (yg/l) 
Low concentration diluter High concentration diluter 
(day) Control 2 3 4 6 8 11 15 Control 24 34 48 75 96 136 192 
Exposure 
period 
I-I5S 20® 35 18 40 23 42 33 34 33 35 34 31 38 21 30 20 
350b 350 350 350 350 350 350 350 350 350 350 350 350 350 350 350 
1-11 s 20 34 17 37 22 41 31 29 33 30 29 29 34 18 26 14 
350 350 350 350 350 350 350 350 350 350 350 350 350 350 350 350 
12-15 0 1 1 3 1 1 2 5 0 5 5 2 4 3 4 6 
330 316 333 313 328 309 319 321 317 320 321 321 316 332 324 336 
16-30S 2 1 1 2 1 2 2 10 2 22 46 47 37 54 68 58 
185 185 185 185 185 185 185 185 185 185 185 185 185 185 185 185 
The total mortality during the time intervals of the exposure. 
^The calculated number (nominal number) of fish left in the aquaria at the beginning of the time 
interval of exposure. The calculated number was derived by subtracting from the original number the 
mortality and fish removed for tests and to even the numbers in the aquaria. Actual count in the 
aquaria were not feasible. 
^Significant difference (Xo.os, d.f.). 
Table 11. (Continued) 
Time 
interval 
(day) 
Concentration (yg/l) 
Lov/ concentration diluter High concentration diluter 
Control 8 11 15 Control 24 34 48 75 96 136 192 
31-60S 
61-90S 
Elimination 
period 
1-30 
0 
114 
0 
85 
0 
57 
0 1 1 0 2 6 9 
114 114 114 114 114 114 114 
0 0 0 0 0 0 5 
85 85 85 85 82 80 76 
30% 0 3 4 4 3 13 20 27 
114 59 59 51 54 56 51 61 
1-lOS 0 3 4 4 3 11 19 24 
114 59 59 51 54 56 51 61 
11-30 0 0 0 0 0 2 1 3 
114 56 55 47 51 45 32 37 
0 
52 
0 0 
57 57 
0 
57 
0 
57 
0 
54 
1 
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Table 12. The percentage mortality of rainbow trout fry exposed to 
Pydraul 50E at different time intervals of exposure and 
elimi nation 
Concentration (ug/1) 
Low concentration diluter 
Control 2 3 4 6 8 11 15 
Exposure 
period 
1-15 5.7 10.0 5.1 11.4 6.6 12.0 9.4 9.7 
1-11 5.7 9.7 4.9 10.6 6.3 11.7 8.9 8.3 
12-15 0 0.3 0.3 1 .0 0.3 0.3 0.6 1 .6 
15-30 1.1 0.5 0.5 1 .1 0.5 1.1 1.1 5.4 
31-60 0 0 0.9 0.9 0 1.7 5.3 7.9 
61-90 0 0 0 0 0 0 0 6.6 
Elimination 
period 
1-30 0 0 0 0 0 0 0 2.3 
1-10 
11-30 
Time 
interval 
(day) 
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Concentration (ug/1) 
High concentration diluter 
Control 24 34 48 75 96 136 192 
9.4 10.0 9.7 8.9 10.9 6.0 8.6 5.7 
9.4 8.5 8.3 8.3 9.7 5.1 7.4 4.0 
0 1.5 1.6 0.6 1.3 0.9 1.2 1.8 
1.1 11.9 24.9 25.4 20.0 29.2 36.8 31.3 
0 5.1 6.8 7.8 5.6 23.2 39.2 44.3 
0 5.1 6.8 7.8 5.6 19.6 37.2 39.3 
0 0 0 0 0 4.4 3.1 8.1 
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the mortalities in the 2-11 yg/1 concentrations were so low that they may 
not indicate effects of Pydraul 50E. 
No mortality was observed during the 30 days in clean water after 90 
days exposure to 2-11 ug/1 Pydraul 50E and only 2.3% died in the 15 ug/1 
concentration at the 9th day of elimination period which was the last 
mortality to occur at this concentration. This was not much different 
than during the 61-90 day exposure period. Apparently by the 60th day or 
even the 30th day, the weaker fish, which may have been affected by those 
low concentrations, had died. 
Mortality continued for the first 10 days in fish exposed to clean 
water after 30 days exposure to 24 to 192 yg/1 of Pydraul 50E and somewhat 
longer for the fish exposed to 96 to 192 ug/1. The last mortality occur­
rence during the elimination period at the concentrations of 24, 34, 48, 
75, 96, 136, and 192 ug/l were the 13th, 10th, 5th, 8th, 22nd, 12th, and 
18th day of the elimination period respectively indicating no correlation 
between the last day of mortality occurrence and the exposed concentra­
tions. 
Growth 
Lengths of rainbow trout fry did not differ significantly between the 
2 growth chambers within the same concentration nor between the growth 
chambers in the controls of the 2 diluters nor between the residue cham­
bers in the controls of the 2 diluters (Tables 13, 14, 15). In contrast, 
there was a significant difference between the weights of the fry in 
control residue chambers (Table 13). 
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Table 13. Statistical analysis using 2-way analysis of variance for com­
paring the lengths and weights of rainbow trout fry exposed to 
Pydraul 50E for 30 days (0, 15, 30-day exposure intervals) be­
tween controls of the low and the high concentration diluters 
amber Between aquaria Among time intervals Error 
Parameter DF® MS^ F-value DF MS F-value DF MS 
Growth^ 
Length 1 0.11 0.04 2 5630.07 2192.72^5 230 2.57 
Residue 
Length 1 8.19 3.58 2 4549.31 1990.09^^ 194 2.29 
Weight 1 0.01 4.01^ 2 3.45 1331.42^5 194 0.003 
^Degrees of freedom. 
^Mean square. 
^In the growth chamber, measurements were by the photographic method 
and therefore weights are not available. 
^Significant difference (F.oi > F > F.os). 
^^Highly significant difference (F > F.oi). 
The lengths of fish in the growth and residue chambers were markedly 
different in several test concentrations (Tables 14 and 15) which possibly 
was caused by the difference in fish loading. However, the growth re­
sponse, as measured by length, of fish to Pydraul 50E was similar in the 
growth and residue chambers (Figures 8 and 9). 
The lengths of rainbow trout fry exposed to the 6 ug/1 Pydraul 50E 
concentration and above were significantly less than in the controls 
(P<0.05) within 15 days after initial exposure but at 30 days, the 11 ug/1 
concentration was the first to show significant differences (Tables 16 and 
17). The effect of the chemical to weight was more extensive with the 
effective concentration down to 3 ug/1 at the 15-day exposure (Table 18). 
However, at the 30-day exposure, the 11 yg/1 concentration was also the 
first to show significant decrease in weight (Table 18). When the expo­
sure time was prolonged to 90 days for the 2 to 15 ug/1 concentration 
range, the first concentration significantly depressing fish weight 
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Table 14. Statistical analysis using 2-way analysis of variance for com­
paring the lengths of rainbow trout fry exposed to Pydraul 50E 
at the same concentration for 30 days (0, 15 and 30-day expo­
sure intervals) between the two growth chambers and between the 
combined growth chambers and the residue chambers 
4. Between chambers Among time intervals Error Concentration 
(ug/1) DF^ MSD F-value OF MS F-value DF MS 
Between the two growth chambers 
Control 1 3.63 1.60 2 2702.48 1190.95== 113 2.27 
2 1 0.28 0.09 2 2861.92 982.88== 107 3.08 
3 1 2.11 0.92 2 2824.94 1230.73== 111 2.29 
4 1 12.58 0.77 2 3258.08 200.31== 103 16.27 
6 1 8.00 3.22 2 2646.70 1066.11== 118 2.48 
8 1 1.87 0.53 2 2505.28 713.46== 105 3.51 
11 1 2.80 0.62 2 1310.20 291.17== 112 4.50 
15 1 0.27 0.08 2 1079.51 313.40== 102 3.44 
Control 1 0.24 0.08 2 2936.20 995.20== 111 2.95 
24 1 0.44 0.15 2 537.49 186.62== 109 2.88 
34 1 5.47 2.37 2 345.37 149.97== 103 2.30 
48 1 2.47 1.54 2 369.74 230.72== 108 1.60 
75 1 0.24 0.17 2 226.65 157.63== 111 1.44 
95 1 . 4.83 3.50 2 184.00 133.30== 113 1.38 
136 1 0.03 0.03 2 166.40 143.31== 111 1.16 
192 1 3.92 2.77 2 108.19 76.33== 109 1.42 
^Degrees of freedom. 
^Mean square. 
==Highly significant difference (F > F.oi). 
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Table 14. (Continued) 
Concentration Between chambers Among time intervals Error 
(ug/1) OF MS F-value DF MS F-value DF MS 
Growth chambers vs. residue chamber 
Control 1 3.20 1.32 2 5001.35 2061.78=3 213 2.43 
2 1 4.18 1.63 2 5446.13 2127.ssfs 207 2.56 
3 1 47.84 22.02^5 2 5027.75 2314.46=5 210 2.17 
4 1 43.55 I4.55SS 2 5122.16 1711.75== 203 2.99 
6 1 3.72 1.38 2 4865.80 1803.70== 218 2.70 
8 1 4.38 1.46 2 4672.34 1560.10== 205 2.99 
11 1 5.67 1.10 2 2751.00 535.79== 212 5.13 
15 1 1.11 0.34 2 2273.55 702.71== 202 3.23 
Control 1 26.08 IO.64SS 2 5108.76 2083.66== 211 2.45 
24 1 10.13 3.55S 2 1007.23 353.24== 209 2.85 
34 1 0.26 0.13 2 703.32 342.22== 203 2.05 
48 1 0.01 0.005 2 602.82 340.60== 208 1.77 
75 1 4.43 2.07 2 410.47 191.74== 211 2.14 
96 1 1.73 1.16 2 328.47 221.08== 213 1.49 
136 1 0.58 0.40 2 295.40 • 204.48== 211 1.44 
192 1 8.95 5.88^5 2 202.45 133.02== 209 1.52 
^Significant difference (F.oi > F > F.05). 
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Table 15. Statistical analysis using 2-way analysis of variance for com­
paring the lengths of rainbow trout fry exposed to Pydraul 50E 
at the same concentration for 90 days (0, 30, 60 and 90-day ex­
posure intervals) between the two growth chambers and between 
the combined growth chambers and the residue chambers 
~ , .. Between chambers Among time intervals Error Concentration , 
(pg/1) DF^ MS^ F-value DF MS F-value DF MS 
Between the two growth chambers 
Control 15.03 2.78 3 11312.88 2094.58== 103 5.40 
2 13.12 1.40 3 12368.62 1316.73SS 105 9.39 
3 5.37 0.86 3 11179.18 1792.isfs 101 6.24 
4 0.33 0.09 3 11337.32 3047.29SS 101 3.72 
6 38.24 3.92 3 11449.77 1178.29^^ 102 9.72 
8 9.88 0.77 3 11658.12 9O8.O7SS 104 12.84 
11 0.39 0.01 3 8007.92 242.80fs 99 32.98 
15 0.04 0.001 3 3886.97 113.16=5 94 34.35 
Growth chambers vs. residue chamber 
Control 1.90 0.25 3 25441.94 3353.57SS 218 7.59 
2 0.46 0.06 3 28385.29 3501.58fS 220 8.11 
3 21.51 2.69 3 25232.78 3143.59SS 216 8.03 
4 69.95 7.74SS 3 25256.89 2805.26^5 216 9.00 
6 4.77 0.51 3 25505.24 2723.96^3 217 9.36 
S 126.68 lO.Ol^s 3 25010.75 1977.52=5 219 12.65 
11 2.32 0.09 3 18326.15 715.86=5 214 25.60 
15 20.99 0.62 3 9741.07 287.47=5 209 33.88 
^Degrees of freedom. 
^Mean square. 
^^Highly significant difference (F > F.oi). 
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Table 16. Lengths of rainbow trout fry continuously exposed to Pydraul 
50E at concentrations of 2 to 192 ug/1 for 30 days from the 
residue chambers 
Concentration 
(yg/l) 0 
Exposure period (day) 
15 30 
Control^ 23.611.2^ 31.7+1.6 39.9±2.0 
Control 23.6±1.2 32.2+1.6 40.0±2.3 
2 23.6±1.2 32.4+1.2 41.0±1.9 
3 23.6±1.2 31.5±1.8 40.0±1.5 
4 23.5±1.2 31.7±1.9 40.0±3.1 
5 23.6±1.2 31.0±1.65 40.0±2.6 
8 23.6+1.2 32.2+1.2 39.4+2.4 
11 23.6+1.2 30.3±2.6S 36.6+3.8S 
15 23.6+1.2 30.9±2.0S 35.012.4= 
Control 23.5±1.2 31.2±1.5 39.8±1.6 
24 23.6±1.2 28.7+1.3S 30.6+2.6= 
34 23.5±1.2 28.2±1.3S 29.5+1.5= 
48 23.6±1.2 27.7±1.4= 28.3±1.9= 
75 23.6±1.2 27.311.3= 27.9±1.4= 
96 23.6±1.2 27.0±1.3S 27.2+1.45 
136 23.6±1.2 26.6+1.45 27.U1 .5= 
192 23.6±1.2 26.0±1.2S 26.9±1.5= 
^The average mean lengths of the controls of the 2 diluters. 
^Mean ± standard deviation. 
^Significant difference from its own control (LSDo.os» df). 
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Table 17. Lengths of rainbow trout fry continuously exposed to Pydraul 
50E at concentrations of 2 to 192 ug/1 for 30 days from the 
combined growth chambers 
Concentration 
(ug/1) 0 
Exposure period (day) 
15 30 
Control^ 23.4±1.1^ 33.0±1.7 40.3=2.1 
Control 23.5±1.2 33.3±1.5 39.8+1-9 
2 23.8±1.1 33.3±1.7 40.7+2.5 
3 23.9±0.9 33.3±1.6 40.9+2.1 
4 23.9±1.1 33.4±1.6 40.9±1.7 
6 23.3+1.1 32.411.3= 39.7±2.5 
8 23.8±1.2 32.6±1.5^ 39.7±2.8 
11 23.5±0.9 31.2±2.0S 34.713.3= 
15 23.8±0.9 31.0±1.7S 34.313.0= 
Control 23.3±1.0 32.7±1.9 40.712.2 
24 23.1il.l 28.7±1.7S 29.812.4S 
34 23.5±0.9 27.6±1.6S 29.812.3S 
48 23.1+1.1 27.5tl.3S 29.011.3S 
75 23.4±1.0 26.711.1= 28.011.6= 
96 23.4±1.0 26.9±1.3= 27.011.1% 
136 23.5±0.9 26.5±1.1 = 27.611.3= 
192 23.2±1.1 25.9±1.4= 26.111.0= 
^The average length of the controls of the 2 diluters. 
'^Mean ± standard deviation. 
^Significant difference from its own control (LSDo.os, df). 
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Table IS. Weights of rainbow trout fry continuously exposed to Pydraul 50E 
at concentrations of 2 to 192 u3/l for 30 days from the residue 
chambers 
Concentration 
(ug/1) 0 
Exposure period (day) 
15 30 
Control^ 0.07810.019^ 0.253±0.045 0.532+0.088 
Control 0.078±0.019 0.267±0.047 0.54010.108 
2 0.078±0.019 0.264±0.036 0.58710.082^ 
3 0.078+0.019 0.240+0.O45S 0.547+0.064 
4 0.078±0.019 0.24310.049^ 0.56610.127 
6 0.078±0.019 0.238±0.040^ 0.55010.102 
8 0.078±0.019 0.26U0.041 0.51510.105 
11 0.078±0.019 0.209±0.049^ 0.42710.159^ 
15 0.078±0.019 0.220±0.05lS 0.33710.089^ 
Control 0.078±0.019 0.239±0.042 0.52310.061 
24 0.078±0.019 0.164±0.034S 0.21410.070^ 
34 0.078±0.019 0.14910.029^ 0.178+0.038^ 
48 0.078±0.019 0.140±0.021^ 0.15610.045% 
75 0.078±0.019 0.134±0.024^ 0.14410.027% 
95 0.078±0.019 0.12210.022^ 0.138+0.023% 
135 0.078±0.019 0.12310.023^ 0.13910.025% 
192 0.078+0.019 0.114+0.019S 0.13010.027% 
*The average mean weight of the controls of the 2 diluters. 
^Mean ± standard deviation. 
^Significant difference from its own control (LSDo.os» df). 
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remained at 11 ug/1 (Table 19) but in fish length, the first concentra­
tions at the 60-day and 90-day exposure were 8 and 11 yg/1 respectively 
(Tables 20 and 21). The results indicated that within 15 days exposure, 
Pydraul 50E concentration as low as 3 yg/l reduced the growth of rainbow 
trout fry but as the exposure period was lengthened to 30 days and longer, 
the first effective concentrations were higher. The mean coefficients of 
variation (standard deviation/mean) increased with time and were as 
fellows: 
Days 15 30 60 90 
Lengths .05 .06 .07 .10 
Weight .18 .22 .23 • .28 
Mortality if it were greater among the larger fish at each concentra­
tion could cause a decrease in the mean size of the fish at the higher 
concentrations, but the increased variance around the means suggests that 
this was not the case. However, the variations around the means at con­
centrations of 34 to 192 ug/1 are less than those at 11 to 24 yg/1 which 
suggests that there may have been differential mortality of the larger 
fish at those higher concentrations. The impact of Pydraul 50E on growth 
of rainbow trout fry was progressively greater within the concentration 
range of 11 to 34 yg/1 (Figures 8, 9, 10, 11) but in the concentrations 
above or below this range, the progressive effect of the chemical was less 
pronounced. The concentrations within which the depression of growth was 
most pronounced remained constant throughout the 90 days of exposure but 
the growth reduction was progressively increased with exposure time 
(Figures 8, 9, 10, 11). 
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Table 19. Weights of rainbow trout fry continuously exposed to Pydraul 50E 
at concentrations of 2 to 15 ug/1 for 90 days from the residue 
chambers 
Concentration period (day) 
(yg/1) 0 30 60 90 
Control 0 .078±0 .019* 0 . 540±0 .108 1.902±0.407 4 .608+1 .060 
2 0 .078±0 .019 0 .587+0 .082^ 2.058±0.355 5 .307±1 .004 
3 0 .07S±0 .019 0 .547±0 .064 1.922±G.365 4 .494±1 .224 
4 0 
o
 
+1 CO o
 .019 0 .566±0 .127 1.765±0.230 4 .67U1 .303 
6 0 
o
 
+1 00 r -
.
 o
 .019 0 . 550±0 .102 1.862±0.328 4 .681±1 .020 
8 0, 
o
 
o
 .019 0, .515+0, .105 1.690+0.411 4 .653+1 .288 
11 0. .078±0. .019 0, .427±0, .159^ 1.22910.338= 3, .852±0 .895= 
15 0. 
o
 
+1 CO o
 ,019 0, .337±C. .089^ 0.88310.409= 2, .572±1 .405= 
^Mean ± standard deviation. 
^Significant difference from control (LSDo. o s ,  df). 
Rainbow trout fry exposed to the 2 yg/1 Pydraul 50E concentration 
showed better growth, both length and weight, than the control fish but 
the differences were not statistically significant throughout 90 days ex­
posure except for weight at 30 days of exposure (Figures 8, 9, 10, 11). 
The lengths and weights of the fish exposed 90 days to 2 yg/1 were sig­
nificantly larger after 30 days in clean water than those of the control 
(Table 22). The results suggest growth stimulation by the 2 yg/1 Pydraul 
50E concentration. 
After 15 days exposure in clean water, lengths and weights of rain­
bow trout being exposed to the 11 and 15 yg/1 and the 15 yg/1 respectively 
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Table 20. Lengths of rainbow trout fry continuously exposed to Pydraul 50E 
at concentrations of 2 to 15 ug/1 for 90 days from the residue 
chambers 
Concentration 
(%g/i) 0 
Exposure period (day) 
30 60 90 
Control 23.6+1 .2" 40.0±2.3 57.3+3.2 76.8+5.7 
2 23.6+1 .2 41 .0±1.9 58.7±3.0 80.8+4.8 
3 23.6+1 .2 40.0+1.5 57.7±3.4 76.3±6.2 
4 23.6±1 .2 40.0+3.1 55.4±2.7 75-6±7.7 
6 23.6+1 .2 40.0±2.6 56.7±3.5 76.7±5.2 
8 23.6+1 .2 39.4+2.4 54.5t4.4S 76.0±6.4 
11 23.6+1 .2 36.6±3.8^ 49.4+5.0^ 70.0+8.2= 
15 23.6+1 .2 35.Ot2.4S 43.115.6= 59.81i2.4S 
^Mean ± standard deviation. 
^Significant difference from its own control (LSDo.os, df). 
were significantly less than the control but after 30 days in clean water 
the differences were not significant (Table 22, Figure 12). The results 
suggest some growth improvement in the treated fish during the elimination 
period. The percentage growth increments for the elimination period are 
greater than those of the control especially for the 15 yg/1 Pydraul 50E 
after 30 days elimination period (Tables 23 and 24). Percentage incre­
ments were also better than those of the control during the 61-90 day 
period. Part of the reason that the percentage increments are better is 
because the fish are smaller but in most cases the actual increments 
during the elimination period are greater for the previously treated fish 
than for the controls. 
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Table 21. Lengths of rainbow trout fry continuously exposed to Pydraul 50E 
at concentrations of 2 to 15 pg/1 for 90 days from the combined 
growth chambers 
Concentration 
(yg/1 ) 0 
Exposure period (day) 
30 60 90 
Control 23.5±1 .2^ 39.8±1.9 57.3±3.3 78.0±5.5 
2 23.8±1 .1 40.7±2.5 58.1±4.1 81.U6.9 
3 23.9±0 .9 40.9±2.1 57.4±3.6 78.2±5.2 
4 23.9+1 .1 40.9il .7 58.2±2.3 78.9±4.1 
6 23.3±1 .1 39.7±2.5 55.6±4.2 7S.8±7.3 
8 23.8±1 .2 39.7+2.8 51.015.3= 79.8±7.6 
11 23.6+0 .9 34.7±3.3S 49.8±3.8S 72.5±14.0S 
15 23.8±0 .9 34.3±3.0^ 41.9±7.7^ 58.7+16.2^ 
^Mean ± standard deviation. 
^Significant difference from control (LSDo.os, df). 
Rainbow trout fry exposed to the 24 to 192 yg/1 for 30 days and con­
tinuously exposed to clean water for 30 days were still significantly 
smaller than the controls (Table 25, Figure 13). However, improvement in 
growth rate of the treated fish is indicated by the high percentage incre­
ments relative to the controls during the elimination period (Tables 23 
and 24). 
Biochemistry 
After 30 days exposure, the biochemical analysis suggested differ­
ences (not significant at P<0.05) between the two controls in backbone 
proline and phosphorus at P<0.10 and in backbone calcium and a-amino-N at 
P<0.20 by t-test for comparison of two means but not in backbone hydroxy-
proline (Table 26). The reason for the difference is not clear but it 
Figure 8. Mean lengths of rainbow trout fry exposed to 2 to 192 ijg/1 Pydraul 50E for 30 days in 
the combined growth chambers and in the residue chambers. 
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Figure 9. Mean lengths of rainbow trout fry exposed to 2 to 15 yg/l 
Pydraul 50E for 90 days in the combined growth chambers 
and in the residue chambers. 
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Figure 10. Mean weights of rainbow trout fry exposed to 2 to 192 yg/1 Pydraul 50E for 30 days in 
the residue chambers. 
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Figure 11. Mean weights of rainbow trout fry exposed to 2 to 15 ug/1 
Pydraul 50E for 90 days in the residue chambers. 
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Figure 12. Mean lengths and mean weights of rainbow trout fry exposed 
to 2 to 15 yg/1 Pydraul 50E for 90 days and to noncon-
taminated water for another 30 days (in the residue cham­
bers). 
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Figure 13. Mean lengths and mean weights of rainbow trout fry exposed 
to 23 to 192 yg/1 Pydraul 50E for 30 days and to noncon-
taminated water for another 30 days (in the residue cham­
bers) . 
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Table 22. Lengths and weights of rainbow trout fry exposed to clean water 
for 15 and 30 days after 90 days exposure in the 2 to 15 ug/1 
Pydraul 50E 
Elimination period 
W€ 
(ug/1) 15 30 15 30 
concCT?rSlon '-«"3'^'^ 's) 
Control 88.8+7.7^ 99 .0±8.3 7.491±1 .934 10 .646±3.236 
2 93.3+6.0 108 .0±9.7S 8.657±1 .957 13 .232+3.361 
3 91.2±8.2 102 .4±8.0 3.398±2 .302 11 .298±2.656 
4 91.9±8.4 99 .2+8.6 8.342±2 .251 10 .246±3.043 
6 91.4±8.4 101 .8±7.0 8.297±2 .297 11 .319±2.047 
8 87.3±6.8 101 .3±9.0 7.145±1 .751 10 .832±3.136 
11 83.0±8.7S 94 .1+12.4 6.554±2 .037 9 .459±3.741 
15 75.2±11.9^ 96, .1+10.5 5.042±2 .564^ 10 .199±3.379 
^Mean ± standard deviation. 
^Significant difference from control (LSOo.os, df). 
might possibly be caused by the acetone concentrations delivered into the 
controls (0.32 ml/1 for the control of low concentration diluter compared 
with 0.75 ml/1 for the control of high concentration diluter). There was 
only one control chamber at 60-day and 90-day exposure and therefore no 
comparisons can be made. 
Collagen concentrations were not tested until the 90-day exposure 
period but at that time collagen concentration (collagen weight:dry back­
bone weight) in backbone was significantly reduced (P<0.05) in rainbow 
trout fry exposed to the 2 to 15 Pydraul 50E concentrations (Tables 26 and 
27). While there is a significant decrease in collagen in the treated 
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Table 23. Length increments (in parentheses) and increments as percentage 
of length of rainbow trout fry exposed to the 2 to 15 ug/1 
Pydraul 50E for 90 days and to the 24 to 192 yg/1 Pydraul 50E 
for 30 days and continuously exposed to clean water for 30 days 
Percentage of length increment^ 
Exposure 
concentration 
(wg/1) 30 
Exposure (day) 
60 90 
Elimination 
(day) 
30 
Control 69.5(16.4) 43.2(17.3) 34.0(19.5) 28.9(22.2) 
2 73.7(17.4) 43.2(17.7) 37.6(22.1) 33.7(27.2) 
3 69.5(16.4) 44.2(17.7) 32.2(18.6) 34.2(26.1) 
4 69.5(16.4) 41 .0(16.4) 35.8(20.2) 29.5(22.6) 
6 69.5(16.4) 41.7(16.7) 35.3(20.0) 32.7(25.1) 
S 66.9(15.8) 38.3(15.1) 39.4(21.5) 33.3(25.3) 
11 55.1(13.0) 35.0(12.8) 41.7(20.6) 34.4(24.1) 
15 43.3(11.4) 23.1(8.1) 38.7(16.7) 60.7(36.3) 
Control 68.6(16.2) - - 45.2(18.0) 
24 29.7(7.0) - - 31.4(9.6) 
34 25.0(5.9) - - 30.5(9.0) 
48 19.9(4.7) - - 38.2(10.8) 
75 18.2(4.3) - - 31.9(8.9) 
96 15.2(3.6) - - 40.8(11.1) 
136 14.8(3.5) - - 40.6(11.0) 
192 14.0(3.3) - - 32.3(8.7) 
Percentage of length increment = —^ x 100 where 1, = mean 
't t 
length at measurement period t and 1^^^ = mean length at next measurement 
period. 
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Table 24. Weight increments (in parentheses) and increments as percentage 
of weight of rainbow trout fry exposed to the 2 to 15 ug/1 
Pydraul 50E for 90 days and to the 24 to 192 yg/l Pydraul 50E 
for 30 days and continuously exposed to clean water for 30 days 
Percentage of weight increment^ 
v.^ Elimination 
concentration Exposure (day) 
(ug/1) 30 60 90 30 
Control 592.3(0.462) 252.2(1.362) 142.3(2.706) 131.0(6.038) 
2 652.6(0.509) 250.6(1.471) 157.9(3.249) 149.3(7.925) 
3 601.3(0.469) 251.4(1.375) 133.8(2.572) 151.4(6.804) 
4 625.6(0.488) 211.8(1.199) 164.6(2.906) 119.3(5.575) 
6 605.1(0.472) 238.5(1.312) 151.4(2.819) 141.8(6.638) 
8 560.3(0.437) 228.2(1.175) 175.3(2.963) 132.8(6.179) 
11 447.4(0.349) 187.8(0.802) 213.4(2.623) 145.6(5.607) 
15 332.1(0.259) 162.0(0.546) 191.3(1.689) 296.5(7.627) 
Control 570.5(0.445) - - 285.8(1.495) 
24 174.4(0.136) - - 202.3(0.433) 
34 128.2(0.100) - - 224.2(0.399) 
48 100.0(0.078) - - 295.5(0.461) 
75 84.6(0.066) - - 242.4(0.349) 
96 76.9(0.060) - - 328.3(0.453) 
136 78.2(0.061) - - 315.1(0.438) 
192 66.7(0.052) - - 271.5(0.353) 
^Percentage of weight increment = —^—- x 100 where = mean 
weight at measurement period t and = mean weight at next measurement 
period. 
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Table 25. Lengths and weights of rainbow trout fry exposed to clean water 
for 30 days after 30 days exposure in the 24 to 192 ug/1 
Pydraul 50E 
Exposed concentration 
(ug/1) 
Elimination 
Length (mm) 
period 
Weight (g) 
Control 57.8+3.23 2.018±0.450 
24 40.2±3.7S 0.647±0.189S 
34 38.5±3.7^ 0.577±0.174^ 
48 39.1±2.2S 0.61710.152= 
75 36.8+2.5S 0.493±0.121^ 
96 38.3±2.5S 0.591+0.119^ 
136 38.1±2.lS 0.577±0.093^ 
192 35.6±2.2S 0.483±0.090^ 
^Mean ± standard deviation. 
^Significant difference from control (LSDo.os, df). 
fry, there is no trend with increased concentrations of Pydraul 50E. How­
ever, the highest concentration, 15 ug/1, was significantly lower than all 
others. 
The ratio of calcium plus phosphorus to collagen was significantly 
increased after exposure to 2 to 15 ug/1 Pydraul 50E for 90 days but there 
is little trend in the increase with increased test concentrations (Table 
26). The ratio for the highest test concentration (15 ug/1), however, was 
higher than all others. The greater ratio of mineral to collagen (Ca + P: 
collagen) was caused by the decline of collagen concentrations with in­
creased exposure concentrations of Pydraul 50E. At 15 u9/l Pydraul 50E 
there was also a significant increase of calcium which may have been 
happenstance since there was no other trend in the calcium (Table 26). 
Table 26. The backbone composition and relationships between proline and hydroxyproline and between 
mineral and collagen of rainbow trout fry continuously exposed to Pydraul 50E of the con­
centrations of 2 to 15 \jg/l for 90 days and of 24 to 192 \ig/l for 30 days 
Exposure 
time 
(day) 
30 
Water 
concentration 
(ug/1) 
Backbone constituent (mg/g of dry backbone ) Relationship 
Collagen OHPro® Pro® a-amino N Ca® pa Pro OHPro 
Ca+P 
collagen 
Control^ 23.yc 43.0 82.8 105.9 55.0 1.8 -
±3.1 ±5.8 ±14.3 ±14.0 ±5.5 ±0.2 -
2 22.7 40.0 79.9 136.6 56.2 1.9 -
±1.2 ±9.8 ±15.4 ±11.2 ±10.1 ±0.2 -
3 22.8 43.6 82.1 143.5 45.5s 1.9 -
±2.7 ±4.7 ±13.7 ±30.4 ±6.5 ±0.2 -
4 21.9 43.9 75.8 152.QS 48.8 2.0 -
±1.3 ±6.4 ±12.2 ±38.0 ±7.7 ±0.2 -
6 24.3 51 .8 74.3 118.5 50.8 2.2% -
±3.9 ±6.2 ±19.0 ±12.5 ±7.6 ±0.4 
8 23.1 41.7 71 .3 102.0 55.3 1 .8 -
±2.0 ±5.8 ±11.3 ±17.9 ±8.7 ±0.2 -
OHPro = hydroxyproline. Pro = proline, Ca = calcium, P = phosphorus 
^The control of the low concentration diluter. 
^Mean ± standard deviation. 
^Significant difference from control (LSDo.os, df). 
Table 26. (Continued) 
Exposure 
time 
(day) 
Water 
concentration 
(yg/1 ) 
Backbone constituent (mg/g of dry backbone) 
Collagen OHPro Pro a-amino N Ca 
Relationship 
Pro 
OHPro 
Ca+P 
collagen 
11 26.5 44.9 69.0 149.8S 49.4 1 .8 
- ±6.0 ±11.0 ±8.4 ±61 .3 ±8.2 ±0.2 
15 27.2 50.2 76.3 102.2 40.3^ 1.8 
- ±1.8 ±5.6 ±12.1 ±31.7 ±7.2 ±0.2 
Control^ 23.3 53.8 99.0 87.8 63.4 2.3 
- ±4.7 ±11.0 ±16.0 ±26 .0 ±7.9 ±0.3 
24 28.0 59.2 104.5 66.4 59.3 2.3 
- ±5.0 ±15.3 ±19.8 ±25.0 ±7.9 ±0.3 
34 25.2 58.3 104.3 71.7 54.7 2.3 
- ±2.8 ±9.5 ±22.8 ±14.4 ±8.7 ±0.2 
48 33.0 56.4 110.0 37.6% 43.6% 2.1 
- ±7.4 ±12.6 ±45.6 ±29.0 ±16.2 ±0.7 
75 23.6 70.8 106.0 16.0% 41 .8% 3JS 
- ±8.2 ±20.5 ±14.0 ±7.6 ±6.1 ±0.5 
96 26.0 64.6 106.7 65.9® 36.7S 2.6 
- ±5.0 ±17.3 ±33.3 ±46.3 ±6.3 ±0.9 
^The control of the high concentration diluter. 
®Very large variation within the batch. 
Table 26. (Continued) 
Exposure 
time 
(day) 
60 
Water 
concentration 
(yg/l ) 
Backbone constituent (mg/g of dry backbone) 
Collagen OHPro Pro a-amino N Ca 
Relationship 
Pro Ca+P 
136 25.9 68. 4 112. 5 25.0% 37.gs 2. 9 
- ±2.7 ±6. 5 ±27. 3 ±19.5 ±14.0 ±0. 6 
192 25.0 74. 6 106. 2 28.as 45.3S 3. 0 
- ±2.7 ±14. 1 ±31 . 0 ±14.1 ±11 .0 ±0. 6 
Control^ 16.8 30. 6 68. 5 125.9 77.0 1. 8 
- ±1 .2 ±2. ,7 ±8. 8 ±7.4 ±4.2 ±0. 1 
2 17.9 29. ,7 61. 9 130.5 75.6 1 . ,7 
±1.1 ±6, ,1 ±7. 1 ±19.5 ±16.0 ±0, .3 
3 20.IS 35, ,6 61. ,7 152 js 87.6% 1, ,7 
±2.3 ±5, .9 ±6, ,2 ±16.8 ±10.5 ±0, ,2 
4 15.1 28 .1 63, 0 128.4 81.7 1 .9 
±3.2 ±3 .8 ±5, .5 ±8.1 ±6.4 ±0 .3 
6 18.0 29 .4 57 .2 146.0 81.4 1 .6 
±0.6 ±4 .8 ±5 .9 ±18.7 ±5.4 ±0 .3 
8 18.2 31 .0 62 .9 159.6% 81 .9 1 .7 
±1.6 ±4 .1 ±15 .7 ±20.7 ±2.9 ±0 .3 
11 19.4S 35 .5 68 .4 141.3 75.5 1 .8 
±3.0 ±9 .0 ±5 .2 ±19.8 ±8.5 ±0 .4 
15 22.5S 34 .9 61 .0 139.3 66.9 1 .5 
±2.8 ±11 .2 ±13 .3 ±27.1 ±18.5 ±0 .5 
OHPro collagen 
Table 26. (Continued) 
Exposure 
time 
(day) 
Water 
concentration 
(yg/1) 
Backbone constituent (mg/g of dry backbone) 
Collagen OH Pro Pro a-aminoN Ca 
Relationship 
Tro Ca+H 
OHPro collagen 
90 Control 385 17.1 25.0 150 140.4 71.2 1.5 0.55 
±17 ±3.4 ±5.2 ±35 ±29.1 ±6.8 ±0.2 ±0.06 
2 288% 18.1 30.2 130 128.0 71.5 1.7% 
CO O
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±37 ±1.9 ±3.0 ±26 ±17.4 ±10.6 ±0.1 ±0.15 
3 308S 18.4 26.9 145 128.2 73.0 1.5 0.66% 
±17 ±2.2 ±2.3 ±24 ±10.2 ±6.5 ±0.1 ±0.04 
4 253% 17.2 27.5 159 130.9 66.3 1.6 0.78% 
±15 ±1 .3 ±2.7 ±54 ±20.1 ±8.0 ±0.1 ±0.12 
6 340% 16.6 25.0 132 123.1 68.1 1.5 0.57 
±34 ±1.1 ±1 .6 ±44 ±16.4 ±5.4 ±0.1 ±0.09 
8 269% 17.3 25.4 146 135.5 75.2 1.5 0.79% 
±24 ±1.2 ±2.8 ±42 ±22.9 ±4.6 ±0.1 ±0.1 
11 258S 16.1 26.5 138 130.0 75.5 1 .7% 0.80% 
±15 ±1.2 ±2.7 ±45 ±16.0 ±13.3 ±0.2 ±0.09 
15 211% 16.5 29.3 184 191.4% 79.4 1.7% 1.29% 
±26 ±2.4 ±4.3 ±77 ±37.5 ±9.4 ±0.1 ±0.28 
Table 27. Analysis of variance of the backbone components of rainbow trout fry treated with Pydraul 
50E 
Exposure Concentration F-value^ 
time range 
(day) (yg/l) Collagen OHProb Pro^ a-aminoN Ca^» P^ collagen 
30 2 to 15 - 2.39s 1.86 0.75 2.52S 2.93S 2.53s -
24 to 192 - 1.85 1.71 0.19 7.15SS 5.26SS 2.49S -
2 to 192 - 2 4iSS 5.70^5 3.00^5 I4.39SS 4.27SS 6 45SS -
60 2 to 15 - 6.02^5 1.24 0.98 2.61 s 2.73S 0.74 -
90 2 to 15 39.12^5 1.13 0.85 1.35 5.83SS 1.66 3.02^5 I9.I4SS 
30-E^ 2 to 15 5.76^5 2.11 3.63SS 2.31^ 0.97 1.14 2.86^ 3.I5SS 
30-E^ 24 to 192 - 0.89 3.08SS 4.66SS 5.92^5 3.74SS 2.78^ -
®The analysis included control. The form of 
'^OHPro = hydroxyproline. Pro = proline, Ca = 
^The fish exposed to clean water for 30 days 
50E for 90 days. 
^The fish exposed to clean water for 30 days 
50E for 30 days. 
^Significant difference ( F o . o i  >  F  >  F o . o s ) .  
^ ^ H i g h l y  s i g n i f i c a n t  d i f f e r e n c e  ( F  >  F o . o i ) -
the analysis as on Table 30. 
calcium, P = phosphorus. 
after being exposed to the 2 to 15 yg/1 Pydraul 
after being exposed to the 24 to 192 yg/1 Pydraul 
m 
The decrease in collagen and increase in the ratio of mineral to 
collagen in rainbow trout fry tested to the 2 to 15 ug/1 Pydraul 50E were 
similar to those induced by toxaphene in brook trout fry and fathead 
minnow fry (Mehrle and Mayer, 1975a,b). In the toxaphene studies, how­
ever, the concentration of mineral was also increased. 
All specimens taken at the 90-day exposure for physiological study 
(8 fish per concentration) were observed by the X-ray method. No evidence 
of brittle backbone or backbone anomalies as reported by Mehrle and Mayer 
(1975a) in fathead minnows tested to toxaphene were observed in the rain­
bow trout fry. Significant increases in the ratio of proline to hydroxy-
proline (Pro:OHPro) are expected with decline in collagen production and 
are evident in the data (Table 26). However, there were no trends in in­
creasing the ProrOHPro ratios with concentrations in fish exposed to the 
2 to 15 ug/1 Pydraul 50E for 30 and 60 days, whereas the fish exposed to 
the 75 to 192 ug/1 for 30 days showed a trend of increase in the Pro: 
OHPro ratio (Table 26). 
The hydroxyproline and proline both tended to be higher in the fry 
exposed to higher concentrations of Pydraul 50E for 30 and 60 days but the 
differences were not statistically significant, except the 50-day exposure 
to the 11 and 15 ug/1 for hydroxyproline concentrations (Table 26). The 
causes of the increase in hydroxyproline content at the 11 and 15 ug/1 
test concentrations after 60 days exposure are not clear but the high 
mortality in these concentrations during the period (Table 11) might be a 
factor. After 90 days exposure, the concentrations of proline and 
hydroxyproline were not significantly altered (Tables 26 and 27). The 
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proline and hyr^roxyproline concentrations were lower after 50 and 90 days 
exposure than after 30 days (Table 26) suggesting less new collagen forma­
tion as the fish got older. 
The a-amino-N tests revealed no trends, but the concentrations were 
less at 50 than 30 days exposure and were higher again at 90 days exposure 
(Table 26). 
The calcium and phosphorus levels were significantly lower in fish 
exposed to the 48 to 192 yg/l Pydraul 50E for 30 days (Table 26). The few 
other significant deviations are scattered and show no pattern. Both 
calcium and phosphorus concentrations increased at 60 days and again at 
90 days indicating greater calcification as the fish grew. The decrease 
in calcium and phosphorus concentrations in fish exposed to the 48 to 192 
ug/l test concentrations may be the result of following processes. Since 
Pydraul 50E is an organophosphate with triphenyl phosphate, it is a de­
layed neurotoxin (Hamilton and Hardy, 1974) and nerve myelination would 
occur (Buck et al., 1976; Hamilton and Hardy, 1974) in fry exposed to this 
chemical, resulting in inhibition of the special physiological mechanism 
for mineral deposition in bone. As a consequence, the rate of CaOPOi» 
precipitation from the extracellular fluid in fish e, posed to the chemical 
decreased. The low rate of CaOPO^ precipitation also may have been the 
factor that caused the nondifference in the proline and hydroxyproline 
concentrations in the fry tested to the 2 to 15 ug/1 Pydraul 50E concen­
trations even though the impairment of collagen synthesis may have 
existed. The slowing of the rate of mineralization may have balanced the 
reduced collagen production. When the exposure time was prolonged, the 
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biochemical inhibition in the mineralization process was less compared to 
the inhibition in the process of collagen synthesis. Furthermore the 
newly formed salt, CaOPO^ can be reabsorbed into the extracellular fluids 
but within the bone it becomes hydroxyapatite which is highly insoluble. 
Usually less than 1 percent of all the salt in bones is exchangeable, 
whereas more than 99 percent is nonexchangeable (Guyton, 1966). The 
mineralization even though slowed is apparently adequate over a 50 or 90 
day exposure period when exposure concentrations are not greater than 15 
yg/1 Pydraul 50E. This would result in the increase in the ratio of 
mineral weight to the dry backbone weight with time at least during the 
early fry and fingerling stages. The increase in the ratio of mineral 
weight to collagen weight with concentration of Pydraul 50E in the 90 days 
exposure is largely due to increased inhibition of collagen. 
It was necessary to examine the whole body rather than just the back­
bone of the fry exposed for only 15 days and the results of the whole body 
analyses are considered separately since some processes are involved other 
than those of backbone formation. After 15 days of exposing rainbow trout 
fry to Pydraul 50E ranging from 2 to 192 ug/1, a significant increase in 
whole-body hydroxyproline concentration in the 24 ug/1 concentration and 
above (the decrease at lower concentrations will be discussed later), a 
significant increase in whole-body vitamin C concentration in all test 
concentrations and an increasing trend in whole-body proline with concen­
trations (Tables 28 and 30). There was a significant increase in the 
ratio of hydroxyproline to protein in the 23 yg/l concentration and above 
and an increasing trend in the ratio of proline to protein with concen-
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Table 28. The physiochemical composition of rainbow trout fry continuous­
ly exposed to Pydraul 50E at concentrations of 2 to 192 ug/1 
for 15 days 
Water 
concentration 
(yg/1 ) 
Physiochemical constituent (mg/g of fish) 
Vitamin C Total protein Hydroxyproline Proline 
Control® o
 
o
 cr
 
103.9 0.354 3.6 
±0.022 ±16.1 ±0.103 ±0.8 
2 0.135= 126.3= 0.333 4.0 
±0.016 ±16.7 ±0.032 ±0-5 
3 0.149= 88.7= 0.308 4.0 
±0.016 ±10.6 ±0.049 ±0.6 
4 0.146= 86.0= 0.287S 4.2 
±0.013 ±6.9 ±0.051 ±0.9 
6 0.131 = 113.0 0.287= 4.4 
±0.014 ±11.6 ±0.027 ±0.3 
8 0.136= 112.5 0.327 4.5 
±0.016 ±16.5 ±0.059 ±0.5 
11 0.133= 97.9 0.364 5.0= 
±0.016 ±4.8 ±0.048 ±0.7 
15 0.132= 105.6 0.357 6.1 = 
±0.025 ±7.6 ±0.070 ±1.9 
Control^ 0.131 91.0 0.303 4.9 
±0.016 ±7.5 ±0.079 ±1.1 
24 0.126 77.9 0.438= 5.4 
±0.015 ±8.6 ±0.035 ±0.7 
The control of the low concentration diluter. 
^Mean ± standard deviation. 
^The control of the high concentration diluter. 
^Significant difference from its own control (LSDo.os, df). 
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Table 28. (Continued) 
concentration Physiochemical constituent (mg/g of fish) 
(yg/1 ) Vitamin C Total protein Hydroxyproline Proline 
34 0.173= 99.9 0.396= 5.2 
±0.026 ±12.1 ±0.051 ±0.8 
48 0.191 = 95.9 0.417= 5.4 
±0.047 ±6.1 ±0.081 ±1.9 
75 0.198= 99.0 0.476= 7.3 
±0.019 ±33.5 ±0.086 ±2.8 
96 0.182= 102.9 0.484= 6.4-
±0.028 ±9.6 ±0.047 ±0.2 
136 o
 
00
 (/) 97.6 0.493= 5.9 
±0.016 ±15.3 ±0.058 ±0.7 
192 0.196= 105.1 0.505= 6.2 
±0.027 ±14.6 ±0.106 ±1.0 
trations (Tables 29 and 30). However, the increasing trends were not 
correlated with increased concentrations. These results suggest that 
during the early exposure period, Pydraul 50E stimulated microsomal 
hydroxylase enzymes (which tend to detoxify the chemical), peptidyl proline 
hydroxylase and other hydroxylases. These could result in an increased 
amount of hydroxyproline and vitamin C in various tissues where collagen 
is being formed. Vitamin C can be synthesized from D-glucose by plants 
and animals, except guinea pigs and primates (Conn and Stumpf, 1972). 
Microsomal enzyme induction has been most extensively studied in liver but 
it also occurs in other tissues (Buck et al., 1976). Payne and Penrose 
(1975) determined that the induction of aryl hydrocarbon hydroxylase in 
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Table 29. The relationships between proline and hydroxyprol i ne and between 
hydroxyproline or proline and total protein of rainbow trout 
fry continuously exposed to Pydraul 50E at concentrations of 2 
to 192 ug/1 for 15 days 
Water 
concentration 
(ug/1) Pro/OHPro 
Relationship^ 
mg OHPro/g protein mg Pro/g protein 
Control^ 10.7±2.9 3.5+1.3 35.6t9.6 
2 12.0±1.8 2.7t0.4 32.2+7.5 
3 13.0±2.1 3.5±0.8 45.2t9.1 
4 15.0±4.0^ 3.3t0.6 48.9t9.5S 
6 15.6±2.0^ 2.6t0.3S 39.7+5.2 
8 14.1±2.4^ 2.9±0.5 41.1t9.3 
11 13.8±1.8^ 3.7t0.5 5i.3t8.3S 
15 15.4±3.0^ 3.3t0.4 57.lti9.9S 
Control^ 16.2+1.8 3.3t0.7 53.5tl0.6 
24 13.7±1.7^ 5.3+I.4S 70.5tl6.0 
34 13.2±2.4^ 4.0t0.4 52.2tl0.2 
48 12.8±2.9^ 4.3t0.9S 57.1t21.7 
75 i2.9tl.5S 5.3tl.lS 79.3t38.4S 
96 13.3tl.4S 4.8t0.7S 62.3t6.0 
136 12.1±2.0S 5.1t0.7S 62.0tl4.8 
192 i2.4tl.5S 4.8+0.5^ 59.1t5.7 
^Pro = proline, OHPro = hydroxyproline. 
^Yhe control of the low concentration diluter. 
^The control of the high concentration diluter. 
^Significant difference from control (LSDo.os, df). 
Table 30. One-way analysis of variance of various constituents in whole rainbow trout fry exposed 
to Pydraul 50E for 15 days 
Concentration 
range 
(yg/l) Vitamin C Protein 
Hydroxy-
proline 
F-value^ 
Proline Pro OHPro Pro OHPro Protein Protein 
2 to 15 2.778^ 9.037SS 2.204 4.984^5 2.676^ 2.930^ 4.008^5 
24 to 192 8.898^5 2.383^ 6.981^5 2.496^ 3.231" 5.028^ 2.343" 
2 to 192 13.180^5 4.83SS 10.80^5 5.24SS 2.88SS 10.35" 4.75" 
^The analysis included control. The form of the analysis was as follows: 
Source of Sum of 
variation squares 
Treatments S^ 
Error S 
e 
Total Sy 
t(numbers of concentrations) = 8 in the concentration range 2 to 15 and 24 to 192 yg/l and 16 in the 
range 2 to 192 yg/l. r(number of fish per concentration) varied from 5 to 8. 
^Significant difference (F.oi > F > F.os). 
^^Highly significant difference (F •> F.oi). 
Degrees of freedom Mean square F-value 
h - ' ,  % ' 
K (r.-l) 
•Î -1 ' ^ 
E (r.-l) 
t ^ 
(^.ir,)-l 
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brown trout by petroleum was found in liver, kidney, and/or adrenal but 
not in muscle, blood, and skin. Buck et al. (1976) stated that drug-
induced microsomal enzyme activity may also increase the metabolism of 
natural body constituents. In addition, adrenal steroidogenesis was in­
hibited in rats by organophosphate compounds (Given et al., 1977) which 
indicates that the chemicals can have metabolic effects on mitochondrial 
enzymes as well as microsomal enzymes. 
The causes of the decrease in hydroxyproline concentrations in the 
specimens exposed to the 2 to 8 yg/1 Pydraul 50E were not clear. The 
inadequate strength in enzyme stimulation of these low Pydraul 50E concen­
trations to overcome their inhibiting action in the hydroxylation process 
of proline to hydroxyproline probably is a factor. 
The whole body ratio of proline to hydroxyproline in fry exposed to 
the 2 to 15 yg/1 Pydraul 50E for 15 days was significantly increased, 
whereas at the higher exposure concentrations of 24 to 192 yg/1 a signifi­
cant reduction in the ratio was observed (Table 28). The results implied 
that the biosynthesis of collagen in the whole-body was affected at a 
prior step to the conversion of proline to hydroxyproline, i.e., the 
formation of "procollagen." Schofield and Prockop (1973) stated that 
procollagen, a precursor form, is the first form of collagen synthesized 
by cells and secreted by connective tissue cells. There is evidence that 
during the intracellular biosynthesis of procollagen, interchain disulfide 
bonds are possibly required before the triple helix formation occurs but 
there is no direct experimental evidence on whether the formation of di­
sulfide bonds involves enzymes or on the nature of these enzymes 
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(Schofield and Prockop, 1973). Procollagen formation was affected by the 
24 to 192 ug/l Pydraul 50E but not by the 2 to 15 ug/l- Bone collagen 
differs from soft connective tissue collagen by some minor modification 
in amino acid side chains but the biosynthesis, metabolism and degradation 
are very similar (Nusgens et al., 1972). 
When rainbow trout fry were exposed to clean water for 30 days after 
being exposed to 2 to 15 ug/l Pydraul 50E for 90 days, a significant re­
duction in collagen concentration, a significant increase in the ratio of 
mineral to collagen (Ca+Pzcollagen), no significant difference in calcium 
and phosphorus contents, and an increasing trend in the ratio of proline 
to hydroxyproline were observed (the low value of the ratio at the 15 
ug/l comparing to the 4 to 11 ug/l was caused by the corresponding low 
proline value which is discussed later) (Table 31). The results, similar 
to the conditions after 90 days exposure to the 2 to 15 ug/l Pydraul 50E, 
indicated that the effect of Pydraul 50E on collagen synthesis persisted 
through the elimination period. The concentrations of collagen, calcium, 
and phosphorus were lower after 30 days elimination than after 90 days 
exposure (Table 33) suggesting less new collagen and mineral formations 
as the fish grew larger and got older. 
The hydroxyproline concentration was not significantly altered but 
the proline concentration tended to increase and was significantly in­
creased at the exposure concentrations of 8 and 11 ug/l (Table 31) but not 
at the 15 ug/l concentration. The increase in proline concentration after 
30 days elimination suggested some improvements in the procollagen 
Table 31. The backbone composition and relationships between proline and hydroxyprol ine and between 
mineral and collagen of rainbow trout fry exposed to clean water for 30 days after being 
exposed to 2 to 15 pg/l Pydraul 50E for 90 days 
Water 
concentration 
(wg/1) Collagen 
Backbone constituent (mg/g of dry backbone) 
OHP^ Pro® «-amino N Ca* pa 
Relationship 
Ca+P Pro 
OMPro collagen 
Control 258b 17.1 34.0 147.8 120.4 63. 7 2. 0 0.70 
±22 ±1 .3 ±3.9 ±22.6 ±9.0 ±7. ,1 ±0. 2 ±0.08 
2 217S 16.8 34.5 136.7S 115.2 62, ,0 2. 0 O.83S 
±27 ±1 .7 ±4.7 ±12.1 ±1 .7 ±6, ,1 ±0. 2 ±0.13 
3 198^ 16.8 34.4 165.0^ 112.1 60, ,4 2. ,0 O.BSS 
±24 ±2.0 ±4.4 ±20.6 ±9.4 ±6, .3 ±0. 2 ±0.14 
4 221 s 17.4 38.7 155.2 114.6 66 .6 2, .2 0.82^ 
±18 ±1.3 ±3.2 ±21.8 ±6.7 ±9 .4 ±0, .1 ±0.08 
6 207S 17.1 38.3 134.7^ 116.4 62 .1 2 .2 0.86^ 
±6 ±1 .6 ±5.2 ±20.6 ±4.9 ±4 .8 ±0 .2 ±0.04 
8 I99S 18.4 42.8^ 159.8^ 119.2 66 .2 2 .3^ O.93S 
±14 ±1.5 ±7.8 ±29.8 ±8.5 ±4 .1 ±0 .3 ±0.08 
11 201^ 16.9 40.1 s 151.2 120.1 67 .5 2 .4' 0.88^ 
±22 ±1.5 ±2.6 ±26.9 ±3.8 ±5 .6 ±0 .2 ±0.01 
15 208^ 15.0 32.5 150.2 113.9 61 .5 2 .1 O.84S 
±10 ±0.8 ±3.0 ±25.7 ±9.3 ±4 .3 ±0 .2 ±0.08 
^OHPro = hydroxyproline, Pro = proline, Ca = calcium, P = phosphorus. 
^Mean ± standard deviation. 
^Significant difference from control ( L S D o . o s ,  df). 
121 
formation in the treated fish during the elimination period. The improve­
ment was less at the highest concentration, 15 ug/1. The improvement in 
biochemical response was correlated with the improvement in growth during 
the same period. 
The a-amino-N content showed no trend, even though some scattered 
significant differences were observed (Table 31). The high concentration 
of a-amino-N after 90 days exposure and after elimination period (Table 
33) suggested higher organic matrix formation as the fish got older. 
The concentrations of calcium and phosphorus in fish exposed to the 
24 to 192 yg/1 Pydraul 50E showed similar trends after the 30 days elimina­
tion period (Table 34) indicating the persistence of the delayed neuro­
toxicity of Pydraul 50E. The calcium and phosphorus concentrations (in 
most aquaria) increased after the elimination period (Table 34) indicating 
greater mineralization as the fish got older to 70 days (10 days after 
hatch plus 60 days during the test). The results were similar to those 
fish exposed to 2 to 15 yg/1 Pydraul 50E for 50 days. The rate of 
mineralization, however, decreased when the fish age was more than 130 
days (10 days after hatch plus 120 days during the test) as already 
discussed. 
The increase in proline concentration in the fry exposed to clean 
water for 30 days after being exposed to 24 to 192 ug/1 for 30 days (Table 
32) was similar to the fish exposed to the lower concentrations of 2 to 
15 ug/1. The increase in proline concentration would result in increase 
in the a-amino-N and an increasing trend in the ratio of proline to 
hydroxyproline (Table 32). There was no significant difference in 
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Table 32. The backbone composition and relationships between proline and 
hydroxyproline of rainbow trout fry exposed to clean water for 
30 days after being exposed to 24 to 192 ug/1 Pydraul 50E for 
30 days 
Water _ ,, . _ . , , Relationship 
concentration Backbone constituent (mg/g of dry backbone) 
(yg / i )  OHPro^ Pro® a-amino N Ca* pa Pro OHPro 
Control 17.7b 31.6 86.5 127.7 76.3 1.8 
±1.2 ±3.3 ±11.0 ±10.0 ±5.4 ±0.2 
24 22.5 38.0 102.3 94.5= 65.5 1.7 
±4.3 ±12.0 ±18.0 ±14.3 ±17.5 ±0.5 
34 22.9 40.0 104.2 89.2= 49.gs 1.8 
±3.7 ±10.0 ±14.0 ±44.6 ±17.7 ±0.4 
48 21.8 41.7 100.6 64.3= 52.3S 1.9 
±6.4 ±13.6 ±27.0 ±17.4 ±20.0 ±0.3 
75 23.0 54.8= 114.7^ 52.35 49.9= 2.5 
±6.8 ±16.5 ±23.0 ±17.0 ±23.9 ±0.2= 
96 22.5 48.1 = 106.3 84.gs 51.1^ 2.2 
±5.6 ±13.8 ±18.0 ±16.5 ±12.6 ±0.3 
136 24.2 54.4= 134.9S 75.5S 44.1 s 2.4 
±7.8 ±11.1 ±26.0 ±30.7 ±18.2 ±0.6 
192 23.2 50.8= 126.9S 73.gs 33.1 = 2.2 
±5.7 ±18.6 ±19.0 ±37.5 ±18.0 ±0.6 
^OHPro = hydroxyproline. Pro = proline, Ca = calcium, P = phosphorus. 
^Mean ± standard deviation. 
^Significant difference from control (LSDo.os, df). 
Table 33. Mean values of backbone constituents in rainbow trout fry exposed to 2 to 15 wg/l Pydraul 
50E for 90 days and to clean water for 30 days (summarized from Tables 26 and 31) 
Backbone constituent 
exposure time (day) 
90 
30-E 
Control 
Water concentration (ug/l) 
3 4 6 8 
150 
147.8 
130 
136.7 
145 
165.0 
159 
155.2 
132 
134.7 
146 
159.8 
11 
138 
151.2 
15 
Collagen 
90 385 288 308 253 340 269 258 211 
30-E® 258 217 198 221 207 199 201 208 
Hydroxyprol ine 
30 23.7 22.7 22.8 21.9 24.3 23.1 26.5 27.2 
60 16.8 17.9 20.1 15.1 18.0 18.2 19.4 22.5 
90 17.1 18.1 18.4 17.2 16.6 17.3 16.1 16.5 
30-E 17.1 16.8 16.8 17.4 17.1 18.4 16.9 15.0 
Proline 
30 43.0 40.0 43.6 43.9 51.8 41 .7 44.9 50.2 
60 30.6 29.7 35.6 28.1 29.4 31.0 35.5 34.9 
90 35.0 30.2 26.9 27.5 25.0 25.4 26.5 29.3 
30-E 34.0 34.5 34.4 38.7 38.3 42.8 40.1 32.5 
a-amino-N 
30 82.8 79.9 82.1 75.8 74.3 71.3 69.0 76.3 
60 68.5 61.9 61.7 63.0 57.2 62.9 68.4 61.0 
184 
150.2 
30-day elimination, 
Table 33. (Continued) 
Backbone constituent 
exposure time (day) Control 
Calcium 
30 105.9 
60 125.9 
90 140.4 
30-E 120.4 
Phosphorus 
30 55.0 
60 77.0 
90 71.2 
30-E 63.7 
Water concentration (ug/l) 
2 3 4 6 8 11 15 
136.6 
130.5 
128.0 
115.2 
56.2 
75.6 
71.5 
62 .0  
143.5 
152.1 
128 .2  
112 .1  
45.5 
87.6 
73.0 
60.4 
152.0 
128.4 
130.9 
114.6 
48.8 
81.7 
66.3 
6 6 . 6  
118.5 
146.0 
123.1 
116.4 
50.8 
81.4 
68.1 
6 2 . 1  
102.0 
159.6 
135.5 
119.2 
55.3 
81.9 
75.2 
6 6 . 2  
149.8 
141.3 
130.0 
1 2 0 . 1  
49.4 
75.5 
75.5 
67.5 
102 .2  
139.3 
191.4 
113.9 
40.3 
66.9 
79.4 
61.5 
Table 34. Mean values of the backbone constituents in rainbow trout fry exposed to 24 to 192 ijg/1 
Pydraul 50E for 30 days and to clean water for 30 days (summarized from Tables 26 and 32) 
Backbone constituent "3»%^ concentration (vg/l) 
exposure time (day) Control 24 34 48 75 96 136 192 
Hydroxyproline 
30 23.3 28.0 25.2 33.0 26.0 26.0 25.9 25.0 
30-E® 17.7 22.5 22.9 21.8 23.0 22.5 24.2 23.2 
Pro!ine 
30 53.8 59.2 58.3 56.4 70.8 64.6 68.4 74.6 
30-E 31.6 38.0 40.0 41.7 54.8 48.1 54.4 50.8 
a-amino-N 
30 99.0 104.5 104.3 110.0 106.0 106.7 112.5 106.2 
30-E 86.5 102.3 104.2 100.6 114.7 106.3 134.9 126.9 
Calcium 
30 87.8 66.4 71.7 37.6 16.0 65.9 25.0 28.8 
30-E 127.7 94.5 89.2 64.3 52.8 84.9 75.5 73.9 
Phosphorus 
30 63.4 59.3 54.7 43.6 41.8 36.7 37.9 45.3 
30-E 76.3 65.5 49.9 52.3 49.9 51.1 44.1 33.1 
^30-day elimination. 
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hydroxyproline content. The hydroxyproline and proline were lower after 
30 days elimination than after 30 days exposure. The result was similar 
to the fish tested to the 2 to 15 yg/1 Pydraul 50E for 60 and 90 days 
indicating less new collagen formation as the fish got older. 
In summary, the effect of Pydraul 50E on backbone collagen is more 
distinctive than on hydroxyproline and other backbone components and it 
can be recommended as a parameter in the short-cut method. Analysis of 
growth is also useful in the short-cut method. 
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UPTAKE ACCUMULATION AND ELIMINATION STUDY 
Preliminary research on the rate of uptake, accumulation and elimina­
tion of radiolabelled tri-o-cresyl phosphate and tris (2,3-dibromopropyl) 
phosphate selected as the representatives of triaryl and trialkyl phos­
phate esters respectively was initiated. Bluegill was used as the test 
animal in the study. 
Materials and Methods 
Experimental design, conditions and procedures 
The study was conducted in the intermittent flow-through system de­
livering only one concentration level with 3 replications. The diluter 
modified from the method of Mount and Brungs (1967) and of McAllister 
et al. (1972) was developed by the Microbiological Section of the Columbia 
National Fisheries Research Laboratory. The general design, materials 
used, delivery system and cleaning method were those described in the 
acute toxicity section. 
Three aquaria, 30 x 60 x 30 cm, each with approximately 45 liters of 
test solution, were used as the test containers. The water temperature in 
the raceway was controlled at 22°C by an electrical heater and an elec­
trical temperature regulator. The water flow from the metering cells was 
mixed directly with the chemical solution from the Mariotte bottle in a 
chemical mixing cell to give the desired concentration. The solution in 
the chemical mixing cell was emptied into a split glass box which divided 
the out-flow about equally into the three aquaria. The diluter delivered 
about 1 liter to each aquarium at a time with the flow rate of about 5 
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minutes per liter or approximately 7 to 8 water volumes of aquarium per 
24 hours. 
Oxygen saturated well water was used as the test dilution water 
(Appendix C). Bluegills of an average weight of 0.64 g (s = 0.08 g, 
n = 10) and of an average length of 35.4 mm (s = 1.7 rrm, n = 10) were 
used as test animals. The concentration of the stock solution was esti­
mated roughly on the basis of the approximate amount of chemical and water 
delivered each time to give the desired nominal test concentration of 150 
ng/1 (nanogram/1 iter). 
i^C-labelled tri-p-cresyl phosphate (TPCP) and ^^C-labelled tris 
(2,3-dibromopropyl ) phosphate (tris) were received from the Food and Drug 
Administration with the specific activity of 9.6 and 5.1 dpm/ng respec­
tively. 
After the cleaning process the diluter was turned on for 2 days 
without chemical and with the chemical for another 2 days. Two water 
samples of test solution from each aquarium and split box were sampled 
and analyzed as the test concentration at day 0. 
Forty bluegills, previously sorted, were transferred from the rearing 
raceway to each aquarium without an acclimation period. Two samples of 
the test solution from each aquarium and split box were sampled and 
analyzed twice a week throughout the 4 weeks treatment period. The fish 
were fed once a day with live-daphnids (Daphnia magna) throughout the test 
period on the basis of 5 percent daphnid wet weight per fish weight per 
day. The daphnids were exposed to the test solution in the same aquarium 
for 24 hours before feeding to the fish. The total body residue of 
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daphnids in each test aquarium was determined one time during the chemical 
exposure period. 
Two test aquaria were used for uptake and accumulation study and the 
third aquarium was used for elimination study. During the 28-day 
chemical exposure period, 7 bluegills were sampled from each uptake 
aquarium at 7, 14, 21, and 28 days exposure. Five bluegills in the 
elimination aquarium were sampled at the end of exposure period as the 
reoresentative of day 0 in the elimination study. The rest of the fish 
were transferred to the other diluter which delivered the noncontaminated 
dilution water and had the same other test conditions. Five bluegills 
were sampled at 1, 3, 7, 14, and 28 days of the 28-day elimination period. 
The test fish left in the uptake aquaria and in the elimination 
aquarium at the end of exposure and elimination period respectively were 
frozen for study of the metabolic products, not yet completed. 
The fish samples were analyzed for total body residue and were re­
ported on the weight/weight basis. On the basis of this type of study 
controls are needed only when mortality occurs in the test containers 
during the test. No control was used in this study on the basis of a 
criterion that the experiment would be rejected whenever mortality ex­
ceeded 5 percent of the fish in a batch. However, no mortality occurred 
in the experiments with the two chemicals. 
Water analysis 
Exactly 500 ml of water sample was extracted with 15 ml methylene 
chloride in a one-liter separator/ funnel. The mixture was shaken gently 
for 1 minute to avoid any unmanageable emulsions and allowed to partition 
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into 2 layers. The methylene chloride layer (bottom layer) was carefully 
drained into a porcelain evaporation dish. The water sample layer (upper 
layer) in the séparatory funnel was extracted a second time using the same 
amount of solvent and the same manner. The extracted methylene chloride 
was added to the first one in the dish. The solution in the porcelain 
evaporation dish was carefully evaporated under a fume hood to approxi­
mately 2 ml and poured into a liquid scintillation vial. The dish was 
washed with 12 ml P8B0 (29 g of Fluoralloy^ of Beckman dissolved in 1 
gallon toluene to obtain approximately 8 g/1 butyl-PBO and 0.4 g/1 PBBO) 
and poured into the vial. The sample was stored overnight in a dark place 
and was assayed in a liquid scintillation counter to determine the counts 
per minute. The counts were corrected for background radiation. The 
corrected counts were corrected for water extraction efficiency and con­
verted to ng of chemical per 1 of water by regression analysis of 
"spike" samples prepared from test water. The analysis described above is 
the method used at the microbiological section of the Columbia National 
Fisheries Research Laboratory except for the conversion counts to concen­
trations. 
Total body residue analysis 
The methods of the microbiological section of the Columbia National 
Fisheries Research Laboratory were used in the analysis of total body 
residue. The sampled fish were weighed and analyzed individually. If the 
^Beckman Fluoralloy is a mixture of a minimum of 28 g of 2-(4' 
tertiary-butylphenyl)-5-(4'-biphenyl)-l,3,4-oxadiazole (or butyl-PBO) 
and a minimum of Ig of 2-(4'biphenylyl)6-phenyl-benzoxazole (or PBBO). 
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fish weighed more than 700 mg, it was divided into 2 samples. The daphnid 
sample of about 50 mg was collected by a mi Hi pore filter (No. 1 Whatman 
filter). The fish or daphnid sample was homogenized by a teflon-coated 
tissue grinder using a tissue grinding tube with 6 ml of a mixture of PBBO 
and Triton-XlOO (an emulsifying agent for the solubilization of aqueous 
biological solutions) at a ratio of 3:2 by volume. The homogenate was 
poured into a scintillation vial. The grinding tube was washed with 9 ml 
PBBO and poured into the vial. The sample was stored overnight in a dark 
place and was assayed in a scintillation counter to determine counts per 
minute. The counts were corrected for background radiation. The cor­
rected counts were corrected for quench and converted to ng of chemical 
per g of tissue by the regression analysis of ^^[-"spiked" samples. The 
total body residue reported was, therefore, based on the total radio­
activity counts without regard to any degradation products. 
Statistical analysis 
Data were analyzed statistically by analysis of variance or analysis 
of covariance whichever was appropriate (Snedecor and Cochran, 1974). 
Accumulation factors were determined by dividing the total body 
residue (ng/g, wet weight) at 7, 14, 21, and 28 days exposure by the 
corresponding average water concentrations (nq/1), i.e., the mean of water 
concentrations of the 1st, 2nd, 3rd, and 4th week respectively, times 
1000. 
Since the biological and effective half-life of ^^C-labelled TPCP and 
i^C-labelled tris are practically identical (Lu, 1970), the half-life 
estimated was reported as biological half-life. The biological half-life 
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was determined by the method described by Chase and Rabinowitz (1970). 
The biological decay constant was determined from the regression coeffi­
cient of the linear regression line. 
Results 
Water concentration 
The designed water concentration for TPCP and tris ranged from 120.3 
to 135.2 ng/1 and from 200.3 to 215.4 ng/1 respectively (Appendix U). Two-
way analysis of variance showed a significant difference (P<0.05) in 
water concentration among exposure time intervals but no difference be­
tween the two uptake aquaria through the 28 days exposure period. The 
water concentration, which dropped sharply in the first three days of ex­
posure period and then increased with prolonged time of exposure in both 
chemicals, indicated a high rate of the chemical uptake by bluegills and 
absorption by glass, silt, and microflora. After 10 days exposure, the 
test aquaria and the diluter for both chemicals were cleaned resulting in 
the decreased water concentration at day 14 in the test for TPCP but not 
in the test for tris (Appendix U). The results suggested that TPCP ab­
sorbed by glass, silts, and microflora was higher than tris. 
Two-way analysis of variance showed a significant difference (P<0.05) 
in water concentration between the combined uptake aquaria and the elimi­
nation aquarium for the TPCP test but not for the tris test. In the TPCP 
test, the water concentration in the elimination aquarium was lower than 
the uptake aquaria during the 4th week exposure period (Appendix u)- The 
higher loading number and the larger biodegradable products which might be 
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more easily absorbed by microflora, silts, and waste products than the 
parent products were possible factors. Wagemann et al. (1974) stated that 
the degradable products of the dissolved IMOL S-140, a synthetic triaryl 
phosphate lubrication oil, in water would act as a concentrated source of 
the nutrient phosphate. 
Total body residues in daphnids 
Total body residues in daphnids exposed for 24 h on day 20 of expo­
sure period were 100 and 103.7 ng/g in the two uptake aquaria and 54.5 
ng/g in the elimination aquarium for TPCP and 8.9 and 9.4 ng/g in the up­
take aquaria and 9.9 ng/g in the elimination aquarium for tris (Table 35). 
The daphnid total body residues between the uptake aquaria were not sig­
nificantly different for either chemicals. The difference between the 
uptake aquaria and the elimination aquarium was significant for TPCP but 
not for tris. The lower water concentration in the elimination aquarium 
than the uptake aquaria at that time for TPCP test (Table 35, Appendix Li) 
probably was cause of the lower total body residue of daphnids in the 
elimination aquarium. 
Body residues in bluegil1 s 
Both TPCP and tris were rapidly taken up by bluegills during the 
first week of exposure period (Figures 14 and 15) with the 7-day total 
body residue of 206.4 and 190.6 ng/g and of 106.3 and 105.3 ng/g in the 
uptake aquaria for TPCP and tris respectively (Tables 36 and 37). The 
total body residues of TPCP in bluegills were not significantly different 
(P<0.05) throughout the 28 days exposure period between the two uptake 
aquaria and among the time intervals of exposure. Bluegills, on the other 
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Table 35. Total body residues of daphnids, measured at day 20 of the expo­
sure, exposed to tri-p-cresyl phosphate and to tris(2,3-
dibromopropyl) phosphate for 24 hours and water concentrations 
at day 17 and 21 of the exposure 
Total body residue (ng/g) 
Aquarium® 
Chemical 1 2 3 
Tri-p-cresyl phosphate 103.7b 100.0 64.5 
±7.0 ±10.0 ±6.8 
Water concentration^: Day 17 134.1 129.6 119.8 
Day 21 136.9 133.7 101 .1 
Tris(2,3-dibromopropyl) phosphate 8.9 9.4 9.9 
±3.1 ±5.3 ±3.4 
Water concentration^: Day 17 193.6 192.2 183.2^ 
Day 21 190.6 191.2 178.8 
^Aquaria 1 and 2 are the uptake aquaria; aquarium 3 is the elimina­
tion aquarium. 
^Mean ± standard deviation. 
^Mean concentration of 2 samples. 
^Only one sample. 
hand, accumulated significantly different levels of tris in the two uptake 
aquaria. The total body residues in bluegills at the 7, 14, 21, and 28-
day exposure in one uptake aquarium were not different with the total body 
residues of 106.3, 100.0, 103.6 and 113.1 ng/g respectively (Table 37). 
In another uptake aquarium, however, the total body residues increased 
significantly from 105.3 ng/g at 7-day exposure to 148.8 ng/g at 28-day 
exposure (Table 37). The analysis of covariance (P<0.05) showed no effect 
of weight of fish samples on the difference of total body residue between 
Figure 14. Water concentrations and mean total body residues of bluegills exposed to tri-p-cresyl 
phosphate and fed with contaminated daphnids for 28 days and eliminated in fresh water 
for 28 days. 
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Figure 15. Water concentrations and mean total body residues of bluegills exposed to tris(2,3-
dibromopropyl) phosphate and fed with contaminated daphnids for 28 days and eliminated 
in fresh water for 28 days. 
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Table 36. Concentrations of tri-p-cresyl phosphate in the aquaria and total body residues in blue-
gills exposed to the tri-p-cresyl phosphate and fed with 24-h contaminated daphnids at 
weekly intervals of exposure 
Exposure 
time 
(day) 
Aquarium 1 Aquarium 2 Aquaria 1 & 2 
Conc.^ 
(ng/1 ) 
Fish wt.^ 
(ing) 
TBRf 
(ng/g) 
Cone 
(ng/1) 
Fish wt.^ 
(mg) 
TBRC 
(ng/g) 
Cone.® 
(ng/1) 
Fish wt.^ 
(mg) 
TBpf 
(ng/g) 
7 118.4^ 
±20.8 
603.9 
±132.9 
206.4 
±37.3 
117.1 
±23.4 
547.7 
±85.2 
190.6 
±16.8 
117.7 
±20.5 
589.3 
±108.4 
198.5 
±29.0 
14 137.3 
±16.3 
578.5 
±90.3 
242.8 
±29.3 
140.4 
±22.6 
552.2 
±71.6 
211 .4 
±29.0 
138.9 
±18.3 
565.4 
±79.5 
227.1 
±32.4 
21 135.5 
±1.7 
492.1 
±93.0 
220.3 
±39.5 
131.6 
±2.6 
5 4 9 . 5  
±61 .2 
221 .1 
±52.1 
133.6 
±2.9 
520.8 
±81.3 
221 .2 
±44.4 
28 144.9 
± 9 . 5  
563.4 
±119.1 
190.3 
±31 .9 
152.7 
±15.3 
534.9 
±66.2 
219.7 
±27.8 
148.8 
±12.2 
549.2 
±93.8 
205.0 
±32.6 
^Average exposure concentration at each time interval. 
'^Average weight of the 7 fish for aquaria 1 and 2 and of 14 fish for aquaria 1 and 2. 
^Average total body residue of the 7 fish for aquaria 1 and 2 and of 14 fish for aquaria 1 and 
^Mean ± standard deviation. 
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Table 37. Concentrations of tris(2,3-dibromopropyl ) phosphate in the 
aquaria and total body residues in bluegills exposed to the 
tris(2,3-dibromopropyl) phosphate and fed with 24-h contami­
nated daphnids at weekly intervals of exposure 
Exposure 
time 
(day) 
Aquarium 1 Aquarium 2 
Conc.^ 
(ng/1) 
Fish wt.^ 
(mg) 
TBRC 
(ng/g) 
Conc.^ 
(ng/1) 
Fish wt.^ 
(mg) 
TBRC 
(ng/g) 
7 171^ 
±17.3 
644.6 
(104.8) 
106.3 
±8.3 
169.7 
±16.1 
626.4 
±93.1 
105.3 
±10.8 
14 188.5 
±2.6 
577.5 
±152.5 
100.0 
±10.0 
182.8 
±12.1 
562.9 
±111.6 
117.4 
±11.9 
21 192.0 
±2.7 
591.8 
±137.9 
103.6 
±8.5 
191.7 
±5.6 
570.0 
±109.3 
139.9 
±5.1 
28 206.7 
±1.1 
556.9 
±78.9 
113.1 
±7.6 
199.9 
±4.1 
521.7 
±123.1 
148.8 
±6.7 
^Average exposure concentration at each time interval. 
'^Average weight of 7 fish. 
^Average total body residue of 7 fish. 
^Mean ± standard deviation. 
the two uptake aquaria for tris. The causes of the difference in total 
body residue between bluegills tested to tris in the two uptake aquaria 
are not clear, perhaps the differences in the amount of microflora in the 
test containers during the exposure time might be a factor. In aquarium 2 
the water concentrations are slightly lower (but not significantly so) 
than in aquarium 1 (Table 37), which might be associated with a greater 
microflora taking up the chemical. The bluegills in aquarium 2 may then 
eat more microflora increasing their uptake of the chemical. Another 
possible factor was the increase in water concentration with time but the 
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water concentrations increased in both aquaria (Table 37). Lockhart 
et al. (1975) reported that rainbow trout exposed to 0.9 mg/1 of triaryl 
phosphate ester lubrication oil IMOL S-140 for 4 months accumulated 3 to 
13 ug/g (wet tissue) of the chemical in the white muscle and 77 to 320 
yg/g (wet tissue) in gut. 
The total body residues in bluegills exposed to TPCP and tris through 
28 days uptake period in the elimination aquarium were similar to the 
total body residues in the uptake aquaria at the same period of exposure 
with the total body residues of 201.5 and 116.6 ng/g in bluegills exposed 
to TPCP and tris respectively (Table 38). After being placed in the non-
contaminated water and fed with noncontaminated daphnids for 28 days, the 
total body residues in bluegills were reduced to 31.6 and 68.7 ng/g for 
TPCP and tris respectively, i.e., the chemicals were eliminated down to 
15.7 and 58.1 percent of the plateau residues for TPCP and tris respec­
tively within 28 days. Continuation of the experiment would probably re­
sult in further elimination of the chemicals (Figures 13 and 14). The 
reduction in total body residue during the elimination period was pri­
marily due to biodégradation and elimination. The most important bio-
degradation reaction for organophosphates in living organism is enzyme 
hydrolysis (Fest and Schmidt, 1973). In aromatic organophosphates, such 
as tri-cresyl phosphate, the aliphatic side chains and the o-methyl groups 
are hydroxylated (Fest and Schmidt, 1973). Maylin et al. (1977) suggested 
that the hydrolysis or photolytic degradation product of tris was 2-
bromo-2 propenyl bis (2,3-dibromopropyl) phosphate. 
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Table 38. Total body residues with standard deviations (in parentheses) 
of bluegills which had been exposed to tri-p-cresyl phosphate 
or tris(2,3-dibromopropyl) phosphate and fed with contaminated 
daphnia for 28 days, and then exposed to fresh dilution water 
for 28 days 
Time of 
elimination 
(day) 
Tri-p-cresyl phosphate 
Tris(2,3-dibromopropyl) 
phosphate 
Fish wt.^ 
(mg) 
TBRf 
(ng/g) 
Fish wt 
(mg) 
TBR 
(ng/g) 
0 529.4 201.5 617.8 116.6 
(90.2) (28.9) (133.5) (5.6) 
1 460.9 100.7 424.3 104.0 
(86.7) (15.5) (135.7) (11.0) 
3 472.9 52.3 529.8 96.4 
(41.5) (3.6) (59.5) (7.3) 
7 545.0 51.6 530.3 97.1 
(105.8) (6.8) (68.6) (2.8) 
14 493.4 38.1 771.1 86.8 
(85.6) (4.2) (400.2) ( 6 . 0 )  
28 476.0 31.6 431.2 68.7 
(100.1) (8.1) (112.6) (6.8) 
^Average fish weight of the sample size of 5. 
^Average total body residue of the sample size of 5. 
Two types of kinetics, zero-order and first-order kinetics, are in­
volved in elimination (Buck et al., 1976). Most elimination studies con­
sider a single organ or tissue and first-order kinetics are involved. 
With entire fish, however, the 0-order kinetics describes the elimination 
from the digestive tract and other tissues of the chemical not yet in­
corporated into tissue (or storage depot). The incorporated chemical is 
more slowly eliminated and is of the first-order. 
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Elimination in two-stage was observed in this study on TPCP and tris 
tested to bluegills (Figures 13 and 14). The chemicals were rapidly 
eliminated in the first 3 days of the elimination period. No more chemi­
cals were eliminated by the fish from the 3-day through the 7-day elimina­
tion period. The elimination period of the chemicals in the second period 
ranged from the 7-day through the end of the elimination period. The 
total body residues in the second period were gradually reduced. The 
tuo-stage elimination manner of both chemicals possibly indicated that the 
chemicals uptaken by bluegills during the prolonged uptake period were 
metabolized as well as deposited into the storage depots. The elimination 
in the first period occurs via the clearing processes of metabolites 
through the alimentary and circulatory systems. The second period of 
elimination occurs via the processes of metabolic or detoxification reac­
tion and excretion of the deposition chemical from the storage depots. 
The first period elimination was short and occurred continuously even 
in the exposure period. The biological half-life of both chemicals was 
estimated from the second period of elimination using the simple exponen­
tial decay curve described by Chase and Rabinowitz (1970) and reported as 
the second period biological half-life. The second period biological 
half-life for TPCP and tris were 31.7 and 42.0 days plus the 7 days to the 
second period respectively for total of 38.7 and 49.0 days (Figures 15 
a n d  1 7 ) .  
The bluegills decreased in weight during the study (Tables 36 and 
37). Kolehmainen (1974) found that the daily meal of bluegills of the age 
group III arid IV varied from 0.3 percent of body weight in February to 3.2 
Figure 16. The In (natural logarithm) total body residue-time relationship of the second period 
elimination and the second period biological half-life of tri-p-cresyl phosphate 
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Figure 17. The In (natural logarithm) total body residue-time relationship of the second period 
elimination and the second period biological half-life of tris(2,3-dibromopropyl) 
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percent in June with an average of 1.75 percent. In this study bluegills 
were given 5 percent of their weight per day. Younger fish usually re­
quire that food be a larger proportion of their weight than as they get 
larger and older and these bluegills were only several months old. Al­
though the analysis of covariance showed no effect of the decrease in fish 
weight on the total body residue in this study, it is suggested that the 
once a day feeding be changed to two times a day to reduce the competi­
tion among fish for food. 
An average accumulation factor of 1589 (s = 142, n = 4) was esti­
mat e d  i n  b l u e g i l l s  e x p o s e d  t o  T P C P  f o r  7 ,  1 4 ,  2 1  a n d  2 8  d a y s  ( T a b l e  3 9 ) .  
The low value of the accumulation factor at the 28-day exposure (1378) was 
caused by the high average water concentration during the 4th week expo­
sure without an increase in body residue (Table 35). At 7 days the water 
concentrations were lower than later, perhaps due to rapid uptake by the 
bluegills. The accumulation factors are therefore high. After the body 
residues approach an asymptote, the uptake by the fish is less and the 
concentrations in the water are higher. With that increase in water con­
centration the effect on body residues is minor. The average accumulation 
factor of bluegills exposed to tris in the aquarium with plateau total 
body residue was 559 (s = 42, n = 4) (Table 39). The trend in accumula­
tion factors was similar to that with TPCP. In the other uptake aquarium 
with tris where total body residue increased with exposure time, the 
accumulation factors at 7, 14, 21 and 28 days were 620, 642, 730, 744 
respectively with the average of 684. This increase supports the hypothe­
sis that the increased body residue in this series may have been due to 
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Table 39. Accumulation factor of different time of exposure in bluegills 
exposed to ^"^C-tri-p-cresyl phosphate and i^C-tris(2,3-dibromo-
propyl ) phosphate for 28 days and fed with 24-h exposed daphnia 
Accumulation factor 
Time of „ 
exposure Aquanun. 
Chemical (day) 1 2 1 & 
Tri-p-cresyl 7 1743 1628 1686 
phosphate 14 1768 1506 1635 
21 1626 1680 1656 
2S 1313 1439 1378 
X ( s ^ ) ^  1612(209) 1563(110) 1589(142) 
Tris(2,3-dibromo- 7 / 621 620 
propyl) phosphate 14 530 642 -
21 540 730 -
28 547 744 -
X(sJ 559(42) 684(62) -
^Mean of accumulation factors with standard deviation. 
greater ingestion of microflora. It is expected that chemicals incorpo­
rated into microflora might be more readily assimilated than from the 
water. 
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DISCUSSION 
The LCso and EC50 values estimated by static and flow-through 
toxicity tests indicate the variation of the acute toxicity among chemi­
cals having different structures and the variation in the susceptibility 
among species of fish and among the life stages of the same species to the 
same chemical. The acute toxicity of Pydraul 50E is moderate but the 
toxicity of one of its components, triphenyl phosphate, is high, whereas, 
the other 2 components, diphenyl nonylphenyl phosphate and diphenyl cumyl-
phenyl phosphate, have low acute toxic property. The lethal toxicity of 
tris(2,3-dibromopropyl) phosphate to rainbow trout sac-fry is very high 
but its toxicities to rainbow trout fingerlings and bluegills are moderate. 
Although the toxicity of tri-o-cresyl phosphate has been widely studied 
for a long time in man, mammals and birds, the acute toxicity of tri-o-
cresyl phosphate to fish is low, which might be due to its low water 
solubility. The observations in the static and flow-through acute toxici­
ty tests suggest the cholinesterase-inhibition properties of industrial 
phosphate esters and hypoxia or asphyxia may be the cause of mortality 
(O'Brien, 1960). However, the suggestions are not yet conclusive and 
further physiological and biochemical investigations are needed. 
The chemicals were selected for these tests because of the possi­
bility that they might replace PCB compounds. The static and flow-through 
acute toxicities of PCB Aroclor reported by Stalling and Mayer (1972) 
indicate that Pydraul 50E and triphenyl phosphate are less toxic to fish 
(Tables 40 and 41). Perhaps phosphate esters can be substituted for PCBs 
in hydraulic fluids and other PCBs based compounds, thereby reducing the 
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Table 40. Static acute toxicity of PCB Aroclor, Pydraul 50E and tri-
phenyl phosphate for bluegills 
Toxicant Temperature ( C )  9 6 - h  L C s o  (yg/ l )  
Aroclor 1248* 18.3 278 
Pydraul 50E 21 1330 
TPP 21 320 
*From Stalling and Mayer (1972). 
Table 41. Flow-through acute toxicity of PCB Aroclor, Pydraul 50E and 
tri phenyl phosphate for rainbow trout 
LCso (yg/1) 
Toxicant 5 days 10 days 15 days 20 days 25 days 30 days 
Aroclor 1254* 155 8 - - - -
Aroclor 1260* - 240 94 21 - -
Pydraul 50E 2100 1950 1400 970 690 585 
TPP >447 >447 >447 290 240 240 
toxicity hazard of such compounds to fish and aquatic environment. Other 
toxicological information on these toxicants, such as amounts of chemical 
contributed in the aquatic ecosystem, ecological hazard, chronic toxicity, 
residue dynamics etc. need to be considered before the final decision is 
made. 
The rates of uptake by bluegills exposed to the very low tri-p-cresyl 
phosphate and tris(2,3-dibromopropyl) phosphate are fast and approach 
the plateau after 7 days exposure but accumulation factors are low with 
the values of 1589 and 534 for TPCP and tris respectively. The 
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accumulation factors of bluegills exposed to PCB Aroclor were 26,300 to 
71,400 (Stalling and Mayer, 1972). Bluegills therefore accumulated PCE 
Aroclor 16 to 45-fold higher than TPCP and 33 to 104-fold higher than 
tris. 
Although the uptake, accumulation and elimination studies using 
radiolabelled compounds attempted to depict the natural conditions by ex­
posing the fish to the chemicals and feeding them with the chemically 
contaminated food, the experiment itself was not designed to secure more 
basic understanding of toxicological effects. In addition, the lack of 
control in the experimental design in this study is considered another 
critical point. The results are therefore somewhat tentative. The ex­
periments need to be redone and some modifications of the experimental 
design is desirable. However, time was not available to run the tests 
again. 
Factors determining the toxicokinetics and biological impact of a 
chemical on animals are the dosage, the route by which it is administered 
and the physical-chemical characteristics of the toxicant (Loomis, 1974; 
Buck et al., 1976). Mayer (1976) pointed out that accumulation factors 
are commonly used to assess the accumulation of a chemical in aquatic 
organisms, with little or no consideration of the effects of water concen­
tration. His study on fathead minnows indicated that the accumulation of 
di-2-ethylhexyl phthalate in fish exposed to the chemical at concentra­
tions from 1.9 to 96 yg/l for 56 days increased from 1.4 to 9.6 ug/g re­
spectively but the accumulation factors decreased from 886 to 155 as the 
exposure concentration increased. Brook trout accumulated 10 times more 
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of DDT from food than directly from the water (Macek and Korn, 1970). 
Therefore, the experimental design should be developed to assess the 
effect of the chemical concentrations in the surrounding water to the 
total body residues and the accumulation factors. At least 3 different 
concentration levels in a geometric range are recommended. The design 
also ought to include study on the effect of the administration routes 
such as water, food, and water plus food. 
The times required to approach the plateau total body residue in 
daphnids exposed to different test concentrations should be determined 
before the test is initiated. During the test the plateau total body 
residue in daphnids fed to the test fish must be maintained and should be 
tested in accordance with the total body residue determination in fish. 
This study also suggested that the elimination time should be extended 
until the total body residues in the second-period elimination approached 
the equilibrium. It is recommended that the total body residues in 
treated fish be determined at days 1 and 3 in addition to 7, 14, 21 and 
28 because the uptake was very rapid during the early period. 
If chemical analysis of fish by gas-chromatography is available, the 
total body residue should be determined chemically in addition to the 
radioactivity counting. 
The subacute concentrations of Pydraul 50E reduced the growth of 
rainbow trout fry. New tissue synthesis results from an increase in 
metabolic rate by deamination of amino acids not used by "standard 
metabolism" (the metabolism at resting state) to maintain life, con­
comitantly an increase in the rate of oxygen consumption and heat 
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production occurs (Warren, 1971). Buck et al. (1975) indicated that the 
hydroxylation, a common mechanism in biological oxidation is dependent on 
an oxidation-reduction system including coenzyme NADPHa (reduced nico­
tinamide adenine dinucleotide phosphate or coenzyme II (Conn and Stumpf, 
1972)), and "active oxygen." 
Detoxification of a chemical also utilizes oxygen since foreign com­
pounds are oxidatively metabolized by liver microsomal enzymes in the 
presence of NADPH2 and oxygen. Pydraul 50E is a cholinesterase inhibitor 
and possibly impairs the branchial pump mechanism resulting in the reduc­
tion of oxygen respiration. In addition, the disruption of neuro-muscular 
function caused by the cholinesterase inhibitor would result in higher 
rates of oxygen consumption. These would result in the oxygen compensa­
tory adjustment in each process in fish to maintain their life. Such a 
compensation is mechanized by reducing the rate of food consumption and 
changing the energy and materials available for life and growth and could 
result in the reduction in growth of treated fish. Warren (1971) reported 
that the presence of 0.5 ppb dieldrin reduced the amount of food consumed 
by seul pins and increased the amount of food necessary to provide for 
their maintenance. If the compensation for oxygen is sufficiently un­
balanced by extending the time of exposure or increasing the exposure 
concentration, an inadequate amount of oxygen in the body may occur and 
the fish then die from hypoxia. 
The 2 yg/1 Pydraul 50E concentration may stimulate the rate of 
respiration in rainbow trout fry resulting in the increase in growth of 
treated fish found in this study. Increased rate of respiration may re­
sult in the increase in growth rate (Warren, 1971). 
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Because of the limitation in facilities available, the mechanical 
problems, conditions of the diluters used, effort, and time in the partial 
chronic test, there is no independent replication to support the results 
already discussed. The effect of Pydraul 50E on growth was replicated 
because the growth analysis in the flow-through acute toxicity test for 
Pydraul 50E agrees with the growth result in the partial chronic study. 
In addition, the growth analysis for tri phenyl phosphate, the most toxic 
component of Pydraul 50E, in the flow-through acute test can be used to 
support the effect of Pydraul 50E on growth. On the other hand, no other 
reliable data can be used to support the effect of Pydraul 50E on the 
backbone components in rainbow trout fry. Furthermore, the variation in 
each biochemical parameter within the same-concentration is large. The 
tests on the biochemical effects therefore need to be repeated. However, 
on the basis of the program of this study time was not available to repeat 
the test. 
The lowest-effect concentration of Pydraul 50E on rainbow trout fry 
determined on the basis of biochemical analysis is 2 yg/l or less but the 
lowest concentration that reduced the growth of the fry is 3 ug/l. The 2 
ug/1 Pydraul 50E concentration seems to stimulate rather than to inhibit 
the growth of treated fish. The results suggest the difference in re­
sponse of rainbow trout fry to the subacute Pydraul 50E concentrations 
between the biochemical determination and the growth determination. 
Therefore, the use of the biochemical measurements in backbone development 
is not entirely valid as an indicator or predictor of growth of treated 
fish, at least in this study on Pydraul 50E. 
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Both the biochemical analyses especially collagen together with 
mineral analyses and the growth analysis could be used as parameters to 
indicate the chronic effect of toxicants and to develop a short-cut 
chronic toxicity method. Since this study tested only one life stage of 
rainbow trout, the results may be different if Pydraul 50E is tested on 
other life stages. Partial chronic tests on other life-stages and a full 
chronic test are needed to establish the value of the short-cut method. 
The early life history may be the most critical life stage and may be the 
best stage to use in the short-cut method. 
Lack of completely satisfactory chemical analyses to determine the 
test concentrations, body residues, and metabolites presented difficulties 
in this study. Therefore, a chemical method for the toxicant analysis 
should be developed if at all possible prior to the initiation of further 
experiments. Although toxicity test (bioassay) is very useful for detec­
tion the chemical toxicity (Cope, 1962), the chemical-assay should be con­
ducted corresponding to the toxicity test to support the biological inter­
pretation. 
The method of static toxicity test developed and used at the Columbia 
National Fisheries Research Laboratory assumes that 10 animals at a con­
centration are adequate, under the specified conditions. Therefore, no 
independent replication (duplication) is generally required. However, to 
provide higher precision or if there is any question of the health of the 
test fish, it would be better to use more than one batch from the same 
stock of animals at each concentration. Finney (1971) provided a method 
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of determining variation between batches, by which a measure of hetero­
geneity of behavior or response of the batches can be determined. 
Jensen (1972) empirically and theoretically determined that in­
creasing the sample size in fish toxicity tests until the sample size 
reaches 30 fish significantly reduces standard error of the estimated LCso 
value. The sample size of 30 fish at a test concentration was applied to 
the flow-through acute toxicity test. However, some acute toxicity tests 
in this study suggested a need for replications in static tests, an in­
crease of sample size, and smaller steps between the concentrations 
tested. 
Commonly, if a toxicant is determined by static toxicity test and 
other information to be significantly important, the static test is re­
peated and extended to several species of fish. In addition to the static 
tests, the flow-through acute toxicity test is conducted to test 1 or 2 
selected species of fish. 
Some modifications in the procedure used in the partial chronic test 
are desirable. An independent replication of each exposure concentration 
is recommended. The flow-splitting chamber designed by Benoit and Puglisi 
(1973) can be applied to divide each exposure concentration solution about 
equally into the duplicate test containers. The experimental designs 
(Cochran and Cox, 1957) can be consulted to develop the appropriate test 
design. A decrease in the amount of acetone or other solvents delivered 
into the test containers is also suggested. The replacement of the meter­
ing device with the automatic pipette to reduce the amount of acetone 
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delivery is possible. The modified procedure can be applied to the flow-
through acute toxicity test and to the uptake, accumulation and elimina­
tion study. 
The "safe concentration" of a toxicant is usually some decimal frac­
tion (often 0.1) of the LC50 value. Recently, the chronically "safe 
concentration" ( or maximum acceptable toxicant concentration or MATC) of 
a toxicant for a particular species is determined by chronic toxicity 
tests. If this "safe concentration" differs from that determined by the 
LCso value, an application factor is developed to estimate the safe con­
centration for other species for which only 95-h LC50 values have been de­
termined (Eaton, 1973). This modified application factor is determined 
from the particular species for which both 96-h LC50 value and the 
chronically safe concentrations are known by dividing the chronically safe 
concentration by the 96-h LC50 value. The modified application factor is 
then used to determine the safe concentrations in other species with LC50 
values for the same chemical . 
Modified application factors, however, are used when 96-h LCso 
values are available even though the parallelism of the acute response 
lines are not determined. Finney's relative potency test gives a method 
of improving the comparison between species. I suggest that the relative 
potency concept be used to improve application factor concept. Instead of 
determining the individual LCso value for each species of animals tested, 
the acute toxicity of a toxicant to several species is expressed as rela­
tive values to the acute toxicity of the toxicant to a "standard" species 
whose chronically safe concentration has been determined. The safe 
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concentrations of those other species are estimated from the relative 
acute toxicity values and the chronically safe concentration of the stand­
ard species. The relative potency concept requires testing of standard 
and the other species at the same time and under the same conditions and 
demonstration of parallelism of the response lines. 
It is quite common that several toxicants are discharged into the 
same receiving water. In addition, many toxicants are mixtures of many 
chemicals such as is Pydraul 50E. The toxicity effects of the chemical 
mixtures can not be determined directly by the chemo-assay nor by the 
toxicity test for the individual chemicals. Finney (1971) divided the 
joint action of the mixtures into 3 types, independent joint action, 
similar joint action and synergistic action including antagonistic action. 
He also provided statistical methods using quantal response to determine 
the toxicity of mixture of chemicals. The model and method for different 
types of joint action were discussed separately in his book. Marking and 
Dawson (1975) proposed a method for assessment of toxicity of mixtures of 
chemicals. In their method, the additive toxicity of chemicals in the 
mixture was described by a mathematical model and was defined by a linear 
index. 
Application of Toxicological Techniques to Water Pollution 
Problems in Relation to Fishery Management in Thailand 
As in industrial countries, the water pollution problems which 
directly and indirectly affect fishery production and public health are 
significant in many developing countries. In Thailand, the rapid 
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progressive industrialization and urbanization, the need for more energy, 
and the extensive utilization of pesticides and other synthetic chemicals 
in the areas of agriculture, industry, and malaria control have greatly 
increased pollution problems. 
Several examples of the adverse effects of pollutant to aquatic 
animals and people are obvious without much study, such as the fish kill 
in Maeklong River during the summer season, the high DDT concentration in 
Chao-Praya River, the low dissolved oxygen concentrations in some specific 
locations along the rivers, the petroleum chemical contamination along the 
coastal area and in the shrimp farms in the Inner Gulf of Thailand, the 
decrease in shrimp larvae for coastal shrimp farming, and the sickness of 
people living in the industrial area and using the effluent receiving 
water. Some investigations in relation to public health have been under­
taken but little has been done relative to fishery aspects which include 
the natural populations of aquatic animals and the freshwater and coastal 
aquaculture. Therefore, the need for study on direct and indirect toxi-
cological effects of toxicants to aquatic animals and aquatic environments 
is urgent. 
The major water pollutants may be classified as putrescible wastes 
which include all organic wastes from domestic and industrial effluents, 
sewage, etc., and toxic wastes which include heavy metals, pesticides, 
industrial synthetic chemicals, etc. 
The putrescible materials affect the fisheries primarily through 
oxygen depletion and dissolved gases such as methane, hydrogen sulfide, 
and carbon dioxide from decomposition and through increased algal and 
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aquatic plant growth from the increased nutrients. Some putrescible 
materials may also be eaten by the fish and thus increase fish growth. 
The putrescible materials or the algal blooms resulting from the fertiliza­
tion may also give objectionable odors and tastes to the water, the fish 
and other aquatic organisms. 
Toxic wastes, even at considerable dilution, may cause mortality of 
the fish and other organisms and may affect their growth and health. 
Toxic wastes may also be concentrated in the flesh of aquatic organisms to 
levels which make animal or human consumption of them unsafe. 
Besides the chemical, engineering, and public health approaches re­
lated to the water pollution problems, the biological approaches have been 
developed by many biologists. Two major biological approaches, bioindices 
and toxicity tests (or bioassay) are generally being used in industrial 
countries to investigate and detect the adverse effects of pollutants to 
aquatic animals but neither of them have been applied to study on the 
water pollution problems in Thailand. Furthermore, most of the aquatic 
species in Thailand waters are different from those which have been stud­
ied in the more developed countries. Therefore, there is little informa­
tion available elsewhere which indicates the sensitivity or resistance of 
the various species to pollutants. 
The toxicity test, which can be conducted under the laboratory con­
ditions by using some sensitive species of aquatic animals to determine 
the toxicity of pollutants, is a possible approach that can be applied in 
Thailand. The procedures and apparatus for acute and chronic toxicity 
tests are not expensive nor difficult and should be feasible within the 
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Department of Fisheries. However, several specific chemical methods and 
equipment, such as gas-liquid chromatography, thin-layer chromatography, 
atomic absorbtion, spectrophotometer, radioactive chemicals, autoradiog­
raphy, etc., for the chemical assay, residue studies, and the physiologi­
cal studies corresponding to the toxicity tests are required. The lack of 
budget and technicians for those methodologies and equipment is a concern. 
The problem, however, can be overcome by cooperation with public health 
and other agencies and the universities. 
Because workers in toxicity studies may possibly be contaminated 
directly or indirectly by the chemicals during the experiments, social 
security, health insurance, and a safety program for the research workers 
should be provided. Social security and health insurance for government 
workers are relatively poor and safety programs are generally lacking. In 
addition, the development of these programs in the government agencies 
seems to be improbable in the near future. 
Where pollution threatens aquacultural operations, the species for 
which toxicity tests are needed, are fairly obvious. Furthermore, methods 
of handling and rearing the organisms are quite well-known. 
Pollution in natural waters threatens many species and the selection 
of species for toxicity tests is more difficult. Furthermore, there is 
often little past experience in rearing or handling them in the labora­
tory. 
In many cases in the temperate zone, there are one or two economical 
species of fish or other aquatic animals in a particular fishery resource 
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such as trout stream but in Thailand, a fishery often depends upon several 
small stocks of different species. 
It is obviously impossible to run toxicity tests on all the species, 
even through it is recognized that they probably vary in their sensitivi­
ty. Determination of a "safe" concentration may be impractical but 
approaches to it may be made. The relative potency concept in deriving 
application factors is recommended for use in Thailand. 
Several toxicants discharged into the same receiving water are quite 
common in Thailand where the regulations for water pollution control are 
not as well-developed as in the industrial countries. The methods de­
scribed by Finney (1971) for determining the acute toxicity of mixtures 
are recommended for use in Thailand. 
Bioindices provide another approach to water pollution problems in 
relation to fishery management and can also be applied to the situations 
in Thailand. In fact, the bioindices approach should be conducted along 
with toxicity tests to insure good results. 
Finally, any decision or determination in the fishery management 
viewpoint concerning water pollution problems has to consider the eco­
nomical, social, and political factors, besides the results from toxicity 
test and bioindices investigations. There is a need for more effective 
legal water pollution control. 
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APPENDIX A: METHOD OF DILUTER CALIBRATION AND 
CALCULATION OF STOCK SOLUTION CONCENTRATION 
Diluter Calibration 
The diluter was calibrated by using the dye, Rhodamine B. The 
Mariette bottle was filled with Rhodamine B dissolved in acetone. The 
system was turned on and the metering device was adjusted to deliver the 
desired amount of Rhodamine B solution. After the system had been turned 
on for four hours, one water sample was taken from each aquarium (con­
centration) . 
A series of standard solutions were prepared from the same Rhodamine 
B solution. Well water was used to dilute the solutions to the desired 
concentrations and also in the aquaria. 
The standard solutions and the samples from the aquaria were analyzed 
chemically by the colorimetric method using a spectrophotometer set at the 
wavelength of 604 my. The optical density in terms of nanometers (nm) was 
read from the scale for each sample. 
The relationship between the nm reading and the concentrations of 
standard solutions was analyzed statistically by simple linear regression 
using microcomputer P 652 of Olivetti. The concentrations of the samples 
from aquaria were then computed from the linear regression equation of 
standard solutions. Calibrations were made at the beginning of the par­
tial chronic experiment (October 29, 1975), at the end of the high concen­
tration diluter of the partial chronic experiment, which was also the 
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beginning of a flow-through acute test for triphenyl phosphate^ (January 
10, 1977) and at the end of the preliminary test (March 2, 1977) (Tables 
A1 and A2). There is variation between the three calibrations and in the 
three regressions which will be discussed later. 
Calculation of Stock Solution Concentration 
The stock concentration was computed from the formula: 
Stock concentration = dilution factor x the desired highest 
concentration 
The dilution factor (OF) used in the above formula was calculated 
from the highest concentration of the calibration data for the particular 
diluter by the following formula: 
PJP _ volume delivered into the aquarium 
amount of Rhodamine B solution 
Hence, if the highest concentration of the calibration data at the 
beginning was 0.689 ml/1, the volume delivered into the aquarium was 1000 
ml and the amount of Rhodamine B solution was 0.589 ml, so that: 
0.689 
= 1451.4 
Suppose that the highest desired concentration was 200 yg/1, hence, 
the stock concentration = 1451.4 x 200 yg/1 
= 290230 yg/1 
= 290.23 mg/1 
^The test failed due to some mechanical problems and no mortality in 
the test. 
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Table Al. The nm readings and linear regression equations from standard 
solutions of Rhodamine B 
nm reading 
Concentration 
(ml/1) 1 
calibration 
2 3 
Blank 0 0 0 
0.2 29.0 20.0 24.0 
0.3 48.0 34.0 38.0 
0.4 56.0 "44.0 53.0 
0.5 71.5 57.0 68.0 
0.6 33.0 - 79.0 
0.7 36.0 78.0 92.0 
0.8 100.0 89.0 102.0 
0.9 - 100.0 _ 
Calibration 1: Y 
Calibration 2: Y 
Calibration 3: Y 
11.214 + 112.857 X 
-0.897 + 112.705 X 
-0.571 + 131.429 X 
Modification of the Calibration Method 
Usually, the calibration is conducted before and after the experiment 
to determine that approximately the same amount of chemical solution was 
delivered into the system during the experiment. The highest concentra­
tions (from which the dilutions were made) in the partial chronic experi­
ment for the high concentration diluter tested at 0.639 ml/1 at the be­
ginning and 0.789 at the end, a difference of 14 percent of the mean. In 
the unsuccessful acute flow-through test the figures were 0.789 and 0.735, 
a difference of 7 percent. 
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Table A2. The nm readings and the computed concentrations of the samples 
from aquaria for calibrations 1, 2 and 3 
Diluter-
aquarium 1 
nm reading 
Calibration 
2 3 
Computed concentration (ml/1) 
Calibration 
1 2 3 
A-2 5 - - -0.046^ - -
A-3 9 - - -0.020b - -
A-4 13.5 - - 0.020 - -
A-5 24 - - 0.113 - -
A-6 26.5 - - 0.135 - -
A-7 33 - - 0.193 - -
A-8 38 - - 3.237 - -
B-2 9.5 8 14 1 O
 
o
 
cn
 cr
 
0.079 0.111 
B-3 21.0 19 21 0.087 0.176 0.164 
B-4 28.0 29 31 0.149 0.265 0.240 
B-5 43.0 46 35 0.282 0.416 0.271 
B-6 70.0 61 53 0.521 0.549 0.408 
B-7 80.0 76 71 0.609 0.682 0.545 
B-8 89.0 88 96 0.689 0.789 0.735 
^A-1 and B-1 were controls. 
^Indicates impossible negative values. 
Test concentrations are usually reported on the basis of chemical 
analysis in the aquaria. However, there were some problems on the method 
of chemical analysis for phosphate esters used in this study and the test 
concentrations determined on the basis of chemical analysis were unsatis­
factory and could not reasonably be used. The results are given on the 
highest delivered concentration, as determined chemically in each experi­
ment and the dilutions as indicated by calibrations 4 and 5 (Tables A4, 
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A5, A6) which provided better data. Some of the computed concentrations 
in calibrations 1 to 3 (Tables A1 and A2) were negative indicating that 
the calibration equations were not adequate at the lower concentrations. 
Furthermore the ratios of the sequential concentrations showed more varia­
tion than seems desirable (Table A3). To get more satisfactory results in 
two other calibrations, at the end of the partial chronic experiment, 
which was also the beginning of the flow-through acute tests for Pydraul 
5CE and triphenyl phosphate (calibration 4, March 19, 1977) and at the end 
of the flow-through tests (May 8, 1977), three water samples were prepared 
for each standard solution and lower concentrations were included since 
the earlier regressions had not been satisfactory at the lower concentra­
tion (Table A4). With data on three samples at each concentration the re­
gressions could be tested for recti 1inearity and transformations could be 
made to correct for curvature. Calibration 4 did not differ significantly 
from recti 1inearity but calibration 5 did and several transformations were 
tested using a microcomputer P 652 of Olivetti before selecting the one 
listed in Table A4. 
Three water samples were taken from each aquarium (concentration) at 
4, 8, and 24 hours after the diluter calibration system had been ini­
tiated. Those three samples were used to calculate the concentration of 
the aquarium by using the linear regression equation of the standard sam­
ples and the formula: 
where 
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Table A3. The computed concentrations and ratios of sequential concentra­
tions from the calibrations conducted at different times for the 
same dilater 
Computed concentration 
(ml/1) Sequential concentration ratio 
n-T + _ Calibration Calibration Diluter-. 
aquarium 1 2 3 12 3 Designed 
B-2  -0.015^ 0.079 0.111 0.45 0.68 0.75 
B-3 0.087 0.175 0.164 0.53 0.66 0.68 0.75 
3-4 0.149 0.265 0.240 0.53 0.64 0.87 0.75 
S-5 0.282 0.416 0.271 0.54 0.76 0.66 0.75 
3-6 0.521 0.549 0.408 0.85 0.81 0.75 0.75 
B-7  0.609 0.682 0.545 0.88 0.86 0.74 0.75 
B-8 0.689 0.789 0.725 
^Ratio of that concentration to that in the next higher aquarium. 
^B-1 was control. 
^Sequential concentration ratio according to the diluter design. 
'^Indicates impossible negative value. 
= the concentration of an aquarium in ml of Rhodamine B per 1 of 
water 
= the average nm reading of the three samples taken from the 
aquarium 
X = the overall average concentration of the standard samples 
Y = the overall average of nm reading of the standard samples 
b = the slope coefficient of the linear regression equation of the 
standard samples 
179 
Table A4. The nm readings and regression equations of standard solutions 
for calibrations 4 and 5 
Concentration 
(ml/1) 
Calibration 4 
Sample 
1 2 3 1 
Calibration 5 
Sample 
2 3 
Blank 0 0 0 0 0 0 
0.025 - - - 5.5 5.0 5.0 
0.05 9.5 10.0 9.5 10.0 10.0 9.5 
0.1 18.5 18.5 19.0 18.5 18.5 18.5 
0.2 38 .0  39 .0  39.0 40.0 40.5 40.0 
0.3 57.0 59.0 58.5 60.5 61.5 60 .5  
0 .4  80.0 80.0 79.0 82.5 80.0 80 .0  
0.5 96.0 99.0 97.0 - - -
Calibration 4: Y = -0.380 + 196.661 X 
Calibration 5: 1 Y = 0.00191 + 0.00485 ( 
The nm readings of the samples taken from the aquaria for both cali­
brations and the corresponding computed concentrations for the aquaria and 
sequential concentration ratios are shown in Tables A5 and A6. Variation 
of the sequential concentration ratios was markedly less than the varia­
tion conducted by the previous method. In addition, the sequential ratios 
were closer to the designed 0.75 of the diluter than the previous method. 
Means of the calibration data of calibration 4 and 5 were therefore used 
to estimate the test concentrations for both flow-through acute toxicity 
and partial chronic toxicity studies. 
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Table A5. The nm readings of the samples from aquaria for calibrations 4 
and 5 
Calibration 4 Calibration 5 
Diluter- Sample Sample 
aquari um^ 1 2 3 1 2 3 
A-2 8.0 8 .0  8.0 7.5 8.0 8.0 
A-3 11.0 11.0 11.0 10.5 11.5 11.0 
A-4 16.0 16.0 16.0 15.0 16.0 16 .0  
A-5 24.5 25 .0  24.5 23 .5  24.5 24 .0  
A-5 30.5 32 .0  31.5 29.5 31.5 30.5 
A-7 42.0 44 .5  43.5 42.0 44.5 43 .5  
A-8 63.0 52.5 63 .0  57.0 58.0 59.5 
B-2 7.0 7.5 7.0 7.5 8 .0  8.0 
B-3 12.0 12 .0  12.0 13 .0  13.0 13.5 
8-4 17.5 16.5 17.0 18.0 18.0 18.0 
3-5 22.5 21.5 22 .0  24.0 23.5 23.5 
B-6 33 .0  32 .0  32.5 34.5 34.5 34.0 
B-7 43.0 41.0 42.0 44.5 43.5 43.0 
B-8 60.5 58.0 60.0 64.5 61.5 64.0 
^A-1 and B-1 were controls. 
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Table A6. The computed concentrations for the aquaria (X,j) and ratios of 
sequential concentrations for calibrations 4 and 5 
Concentration (ml/1) Sequential concentration ratio^ 
Diluter- Calibration Calibration 
aquarium^ 4 5 4 5 Average Designed ^ 
A-2 0.04261 0.03853 0.74 0.71 0.72 0.75 
A-3 0.05786 0.05441 0.70 0.70 0.70 0.75 
A-4 0.08329 0.07324 0.65 0.64 0.65 0.75 
A-5 0.12778 0.12195 0.79 0.78 0.79 0.75 
A-5 0.16083 0.15695 0.73 0.69 0.70 0 .75  
A-7 0.22135 0.22899 0 .69  0.72 0.71 0 .75  
A-8 0.32101 0 .31727  
3-2 0.03880 0.03853 0.62 0.59 0.60 0.75 
B-3 0.06295 0.06548 0.71 0 .72  0.72 0.75 
B-4 0.08837 0.09040 0.78 0.75 0.76 0.75 
B-5 0.11380 0.12020 0.68 0.67 0.68 0.75 
B-6 0.16719 0.17819 0.78 0 .77  0 .77  0 .75  
B-7 0.21550 0 .23100  0.71 0 .66  0.68 0 .75  
B-8 0.30321 0.34929 
^Ratio of that concentration to that in the next higher aquarium. 
^A-1 and B-1 were controls. 
^Sequential concentration ratio according to the diluter design. 
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APPENDIX B: CHEMICAL ANALYSIS OF WATER FROM THE 
AQUARIA IN THE FLOW-THROUGH TESTS 
All chemical analysis was done by the Chemical Section of the 
Columbia National Fisheries Research Laboratory. Methods of analysis for 
these chemicals have not yet been standardized and the laboratory person­
nel had to develop the techniques. 
Pydraul 50E 
Five sets of water samples were taken during the partial chronic test 
but only two sets (1 and 3) were completely analyzed (Table Bl). The in­
complete analysis for sets 2 and 4 and lack of results for set 5 were due 
to problems in analysis especially the inconsistent results from the gas-
liquid chromatography analysis. The inconsistent results also occurred in 
the "spike" samples. However, the problems were less in the analyses for 
sets 1 and 3 and also for the two sets taken from the flow-through acute 
test. The average highest concentrations of 15 and 192 ug/1 from the sets 
1 and 3 in the partial chronic study for the low concentration diluter 
(diluter A) and high concentration diluter (diluter B) were relatively 
close to the corresponding calculated desired highest concentrations of 15 
and 200 ug/1. In the flow-through test, the average highest concentration 
of 2.59 mg/1 from the combined sets 1 and 2 (Table B2) approximated 
the calculated desired highest concentration of 3.0 mg/1. The results 
indicated that the average highest concentrations determined by the chemi­
cal analysis for each diluter in each test were reasonably reliable. How­
ever, the successive concentrations in each set of samples analyzed by the 
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Table B1. Concentrations of Pydraul 50E in aquaria in the partial chronic 
test^ as determined by chemical analysis and the sequential 
concentration ratios in parentheses 
Di1uter-
aquarium 1(11/11/76) 
Concentration (ug/1) 
Sets of samples (date) 
2(12/10/76)'^ 3(1/4/77) 4( l /28 /77)b  
A-1 (control) - — _ 
A-2 1(1.00)C 1 1(1.00) ? 
A-3 1(0.33) ? 1(0.33) ? 
A-4 3(0.43) ? 3(1.00) ? 
A-5 7(0.47) ? 3(0.50) ? 
A-6 15(1.67) ? 6(0.86) ? 
A-7 9(0.58) ? 7(0.48) 1 
A-8 17,14 12,14^ 15,14^ 9.5 
B-1 (control) - - - -
8-2 19(0.22) 1 - -
3-3 86(1.28) 1 - -
8-4 67(0.96) ? - -
B-5 70(0.70) 7 - -
B-5 100(1.00) ? - -
B-7 100(0.52) ? - -
B-8 186,197 103,104^ - -
^The test was conducted from Nov. 15, 1975 to Dec. 15, 1975 for 
diluter B and from Nov. 15, 1976 to Feb. 15, 1977 for diluter A. 
^The results of "spike" samples varied unusually. 
''Ratio of that concentration to that in the next higher aquarium. It 
should approximate 0.75 according to the diluter design. 
^Water sample was directly taken from the delivered glass tube. 
Table B2. Concentrations of Pydraul 50E and triphenyl phosphate in aquaria in flow-through tests^ 
as determined by chemical analysis and the sequential concentration ratios in parentheses 
Pydraul 50E (pg/l) Triphenyl phosphate (yg/l) 
b c Sets of samples Sets of samples Average 
Aquarium 1 2 Aquarium 1 2 1 + 2 
A-1 B-1 
(control) - - (control) - - -
A-2 0.20(0.46)^ 0.21(0.55) B-2 43(0.64) 24(0.47) 33.5(0.57) 
A-3 0.43(0.75) 0.38(1.15) B-3 67(0.84) 51(0.63) 59.0(0.73) 
A-4 0.57(0.64) 0.33(0.45) B-4 80(0.82) 81(0.76) 80.5(0.78) 
A-5 0.89(0.94) 0.73(0.75) B-5 98(0.73) 107(0.92) 102.5(0.82) 
A-6 0.95(0.72) 0.97(0.76) B-6 135(0.56) 116(0.48) 125.5(0.53) 
A-7 1 .32(0.53) 1.28(0.46) B-7 233(0.54) 241(0.53) 237.0(0.53) 
A-8 1 2.47 2.66 B-8 1 415 513 449.5 
2 2.58 2.94 2 433 395 
3 2.29 - 3 449 492 
^The tests for both chemicals were conducted from March 22, 1977 to April 25, 1977. 
^Samples 1 and 2 were taken on April 6 and April 24, 1977, respectively. 
^Samples 1 and 2 were taken on April 7 and April 25, 1977, respectively. 
^Ratio of that concentration to that in the next higher aquarium. It should approximate 0.75 
according to the diluter design. 
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chemical analysis fluctuated considerably and they disagreed with the 
diluter design and diluter calibration data (Tables B1, B2, and A6). 
Therefore, the average highest concentration and the corresponding diluter 
calibration data (Table A6) were used to estimate the test concentrations 
which were reported as nominal test concentrations. Evidence that this 
procedure is more accurate in this study than using the chemical analysis 
from each aquarium is available from the response data. The responses 
increased fairly uniformly with the computed dilutions and did not agree 
with the uneven distribution of concentrations shown by the chemical 
analysis. 
Triphenyl Phosphate 
Two sets of water samples were taken during the flow-through acute 
test. The average highest concentration from the two sets analyzed by the 
chemical analysis was 450 ug/1 (Table B2) approximating the calculated 
desired highest concentration of 420 yg/1. The fluctuation in the suc­
cessive concentrations and the problems on the method of chemical analysis 
were less than in the analysis for Pydraul 50E. The results in Table 82 
indicated that the average concentrations from the two sets analyzed by 
the chemical method were likely reliable. However, on the basis of 
toxicity comparison between Pydraul 50E and triphenyl phosphate in this 
study, the average highest concentration analyzed by the chemical analysis 
and the diluter calibration data (Table A6) were used to estimate the test 
concentrations which were reported as nominal concentrations. 
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APPENDIX C: CHEMICAL CHARACTERISTICS OF WELL WATER AT THE 
COLUMBIA NATIONAL FISHERIES RESEARCH LABORATORY^ 
Specified sensitivity Concentration 
Analyte limits, mg/1 mg/1 
Ca 0.1 70 
Mg 0.1 27 
K 0.5 3.9 
CO
 
o
 
0.01 4.4 
NO 3 0.05 <0.05 
NO2 0.05 <0.036 
NH4/N 0.01 0.066 
Phenol 0.001 <0.001 
CI 2 0.001 <0.001 
CI 0.01 29 
F 0.01 0.34 
CN 0.005 0.006 
Fe 0.01 0.014 
Cu 0.001 0.0045 
Zn 0.001 <0.001 
Cd 0.001 <0.0005 
Cr 0.01 <0.01 
Pb 0.001 0.0015 
Alkalinity 1.0 237 
Hardness (EOTA) 1.0 272 
pH 0.1 7.4 
Temperature ±0.5 C 16 C 
^Data from Mayer et al. (1975). 
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APPENDIX D: THE METHOD OF WATER SAMPLE ANALYSIS FOR 
PYDRAUL 50E AND TRI PHENYL PHOSPHATE 
Chemical analysis of water samples containing the Pydraul 50E and 
tri phenyl phosphate was done by the chemistry section of the Columbia 
National Fisheries Research Laboratory. Water samples of approximately 
one liter (but measured and recorded as to volume) were extracted with 50 
ml of methylene chloride in a 2 liter separator/ funnel. The mixture was 
shaken gently to avoid the unmanageable emulsions for one minute and 
allowed to separate into two layers. The extracted methylene chloride 
layer (bottom layer) was drained into a 250 ml Erlenmeyer flask. The 
water sample layer (upper layer) in the separator/ funnel was extracted 
two more times in the same manner. The extracted methylene chloride solu­
tions were added to the first extracted solution in the flask. The ex­
tracted solution was dried with about 20 gm of anhydrous sodium sulfate by 
carefully pouring the sodium sulfate down to the side of the flask. The 
flask solution was poured into a porcelain evaporation dish and was 
evaporated under a fume hood to a small volume (about 2-3 ml), for quanti­
fication on a gas liquid chromatography (GLC). 
One part of the extracted solution was tested for the chemical by 
alkaline flame ionization detection (AFID) and another part was tested by 
flame photometric detection (FPD). In both methods the same column and 
operating conditions of the GLC were used. 
The column used was a 2 mm ID x 60 mm long containing 3 percent OV -
101 on chromosorb W.H.P. 80 - 100 mesh. Helium was the carrier gas used 
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at 30 ml/min. The temperature of the column was programmed from 1S0°C to 
230°C for Pydraul 50E and at 180°C for tri phenyl phosphate. 
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APPENDIX £: NUMBERS OF ACCUMULATIVE DEAD AND MORIBUND (IN PARENTHESES) 
FISH IN THE STATIC ACUTE TOXICITY TESTS WITH 10 FISH PER TEST 
CONCENTRATION AT THE TEST TEMPERATURE OF 12°C FOR RAINBOW 
TROUT AND OF 22°C FOR BLUEGILL 
Pydraul 50E 
Rainbow trout sac-fry 
xg /1  4200 3200 2400 1800 1300 1000 750 0 
24 h 10 3(7 )  0(1) 0 0 0 0 0 
48 h 10 5(5) 2(6 )  0 (3 )  0 0 0 0 
72 h 10 5(5) 2(7 )  0(3) 0 0 0 0 
96 h 10 10 8(2 )  8 (2 )  0 (2 )  1 0 0 
Rainbow trout fir.qerl inq 
ug/ i  4200 3200 2400 1800 1300 1000 750 560 0 
24  h  10 8(2 )  8 (2 )  4(6) 0(5) 0(2 )  0(2) 0 0 
48 h 10 10 8(2 )  7 (3 )  4 (3 )  0(2) 1(2 )  0 0 
72 h 10 10 9(1) 10 4(3) 0(2) 2(2 )  0 0 
95 h 10 10 9(1) 10 4(3) 0(2 )  2 (1) 0 0 
Bluegil1 
yg /1  4200 3200 2400 1800 1300 0 
24 h 10 5 1(1) 0(1 )  0 0 
48 h 10 7 1 1 0 0 
72 h 10 10 2 1 0 0 
96 h 10 10 2 1 0 0 
Tri phenyl Phosphate 
Rainbow trout sac-fry 
yg /1  1000 560 420 320 240 180 0 
24 h 2 0 0 0 0 A V 0 
48 h 3 0 0 0 2 0 0 
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72 h 5 1 1 0 3 0 0 
96 h 10 7 4 3 5 0 0 
Rainbow troui fingerl i 
-9 
ug/1 75000 55000 32000 24000 18000 13000 10000 
24 h 8(2) 3(7) 0(5) 0(2) 0 0(1) 0 
43 h 8(2) 7(3) 0(5) 0(3) 0(1) 0(4) 0 
72 h 10 10 5 3 0(1) 0(4) 0 
95 h 10 10 5 3 0(1) 0(4) 0 
Diphe.iyl Ncnyl pheny' 1 Phospi laûc 
Rainbow trout sac-fry 
%g/T 75000 42000 32000 24000 18000 13000 10000 
24 il 3 0 0 0 0 0 0 
43 h 3 0 0 0 0 1 0 
72 h O 0 0 0 0 1 0 
95 .h 4 0 0 0 0 1 0 
Rainbow trout finqerlinq 
yg/1 55000 42000 32000 240G0 18000 13000 10000 
24 h 0(2) 0(1) 0(1) 0 0 0 0 
48 h 0(1) 0(4) 2 0 0 0 0 
72 h 0 2 2 0 0 0 0 
96 h 0(1) 2(2) 2 0 0 0 0 
Diphenyl C umyl phenyl Phosphate 
Rai nbow trout sac-fry 
^g/1 750CG 42000 32000 24000 18000 13000 10000 
24 h 2 0 0 0 0 0 0 
48 h 2 1 0 0 1 1 0 
72 h 2 1 1 0 1 1 0 
96 h 3 1 2 0(2) 4 3(2) 0 
0 
0 
0 
0 
0 
0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Rainbow trout finger!inq 
yg /1  75000 55000 42000 32000 24000 18000 13000 
24 h 0(3) 0(1) 0(1) 0 0 0 0 
48 h 0(4) 0(1) 0(3) 0 0(1 )  0 0 
72 h 3(1) 1 0(2 )  0 0 0 0 
95 h 3(1 )  1 0(3 )  0 0 ; 0 0 
Tris(2,3-dibromopropyl) Phosphate 
Rainbow trout sac-fry 
ug/1 750 420 320 240 180 130 0 
24 h 10 2(4 )  3 3 0(2 )  0(1) 0 
48 h 10 7(3 )  3 (2 )  3 (2 )  0(1) 2 0 
72 h 10 8(2 )  4 (6 )  3 (5 )  1 2 0 
96 h 10 10 9(1) 5(4 )  1 2 0 
Rainbow trout finqerlinq 
yg/1 3200 2400 1800 1300  1000 750 0 
24 h 10 0(10) 0(1) 0 0 0 0 
48 h 10 10 1(4) 0 0 0 0 
72 h 10 10 6(3 )  0 0(1) 0 0 
96 h 10 10 10 3(3 )  1 (2 )  0 0 
Bluegill 
ug/1 4200 3200 2400 1800 1300 1000 0 
24 h 10 8(1 )  4(1) 2(2 )  1 0 0 
48 h 10 10 8 3(1) 1 0 0 
72 h 10 10 10 6 2 0 0 
96 h 10 10 10 10 4 0 0 
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Tri-p-cresyl Phosphate 
Bluegill 
ug/1 100000 56000 32000 0 
24 h 0 0 0 0 
48 h 0 0 0 0 
72 h 0 0 0 0 
96 h o: 0 : 0 0 
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APPENDIX F: NUMBERS OF ACCUMULATIVE DEAD AND MORIBUND (IN PARENTHESES) 
FISH IN THE FLOW-THROUGH ACUTE TOXICITY TESTS WITH 30 FISH 
PER TEST CONCENTRATION AT THE TEST TEMPERATURE OF 12°C FOR 
RAINBOW TROUT 
Pydraul 50E 
Rainbow trout sac-fry 
Concentration (ug/1) 
Ti:iie 
(day) 2590 1830^ 1290  1015 655^ 455 330  0 
1 10(20) 4(25)  5(24) 4(22) 1(4) 0(1) 0 0 
2 13(17) 5(24)  7 (22)  4 (24)  1(12) 0(1) 0 0 
3 16(14) 5(24) 7(22)  4 (25)  4 (19)  0(2) 0(1) 0 
4 30 11(18) 7(22)  4 (25)  2 (12)  0 (2 )  0 0 
5 30 11(18) 7(22)  4 (25)  2 (10)  0(1) 0 0 
6 30 13(15) 7(22)  4 (25)  3 (10)  0(2) 0 0 
7 30 13(15) 7(22)  4(25) 3(8 )  0(1) 0 0 
8 30 14(15) 8(22)  4 (25)  3 (9 )  0(1) 0 0 
9 30 14(15) 11(19) 4(25)  3 (9 )  0(1) 0 0 
10 30  17(12) 11(19) 4(25)  3 (8 )  0(1) 0 0 
11 30 17(12) 15(15) 4(24) 4(7 )  0(1) 0 0 
12 30 20(9) 15(15) 6(22)  6(7) 0(2 )  0 0 
13 30  22(7 )  17(13) 8(21)  11 (4 )  3 1 0 
14 30 24(5 )  20(10) 9(20)  11(4) 4 2 0 
15 30 25(4) 23(7 )  10(19) 11(6 )  7 3 0 
15 30 26(3 )  26 (4 )  15(10) 12(4) 10 3(1) 0 
17 30 26(3 )  26 (4 )  17(13) 15(1) 10 6 0 
18 30 27(2) 27(3) 19(11) 16(3 )  10 8(1) 0 
19 30 28(1 )  28 (2 )  20(10) 18(3) 10 9(1) 0 
20 30  28(1) 28(2) 21(9) 20(3 )  10 10 0 
^Only 29 fish per test concentration. 
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21 30 29 29(1 )  23 (6 )  22 (3 )  12 10 
22  30 29 30 24(5) 23(2 )  12 10(1) 
23 30  29 30 25(4) 24(1 )  12 10 
24  30 29  30 26(3 )  25 12(2 )  11(1) 
25 30 29 30 26(3 )  25 14 12 
25 30 29  30 26(3 )  26 14 12 
27 30 29  30 26(3 )  26(1) 14 13 
28  30 29 30 27(2 )  27  14 13(1) 
29 30 29 30 28(1  )  27 15 14 
30 30 29 30 ro
 
CO
 
27 15 14 
Rainbow trout finger!inq 
Concentration (yg/!) 
Time 
(day) 2590 1830 1290 1015 655 455 330 
1 1(29)  0 (29)  0(24) 0(21)  0 9) 0(5 )  0(5 
2 13(17) 0(30)  0 (25)  0 (24)  0 11) 0(8 )  0(4 
3 20(10)  2 (28)  1 (27)  0 (25)  0 15) 0(7 )  0(4 
4 24(6 )  5(25) 2(28)  0 (27)  0 15) 0(7) 0(4 
5 25(5) 6(24)  2 (28)  0 (26)  0 18) 0(6 )  0(4 
6 26(4 )  6(24) 2(28)  0 (26)  0 16) 0(7 )  0(5 
7 27(3 )  6 (24)  2 (28)  0 (26)  0 17) 0(7 )  0(5 
8 27(3 )  7 (23)  2 (28)  0 (26)  0 17) 0(8 )  0(5 
9 28(2 )  8 (22)  3 (27)  0 (26)  0 15) 0(9 )  0(5 
10 28(2 )  9 (21)  3 (27)  1 (25)  0 13) 0(9 )  0(6 
1! 28(2 )  11(19) 4(26)  1 (24)  0 14) 0(9 )  0(7 
12 28(2 )  15(15) 6(24)  1 (24)  0 14) 0(9 )  0(6 
13 28(2 )  17(13) 12(18) 1(24)  0 14) 0(8 )  0 (6  
14 30  20(10) 15(15)  1 (24)  0 14) 0(8 )  0(6 
15 30  22 (8 )  16(14) 1(25) 0 13) 0(8 )  0 (6  
16 30  22 (8 )  18 (12)  3 (23)  1 14) 0(9) 0(6  
17 30 22(8 )  20(10) 7(19)  3 12) 2(7 )  1(5 
18 30 25(5) 21(9 )  8 (18)  5 9) 2(8 )  1(5 
19 30 26(4 )  26 (4 )  11 (15)  6 9) 3(8 )  2(4 
20  30 27(3 )  26(4) 11(15) 6 9) 4(8 )  2(4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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21  30  27 (3 )  26(4) 15(11)  7 (8 )  5 (6 )  3 (4 )  
22  30  28(2) 27(3) 22(5) 10(5 )  6 (5 )  4 (4 )  
23 30  28(2 )  30 23(3) 11(4 )  8(3) 4(3 )  
24 30  28(2) 30 24(4) 11(4 )  9(4) 4(4 )  
25  30  30  30  24(4) 12(2) 9(4 )  5 (4 )  
26 30 30  30  26(2) 12(2) 10(4 )  7 (4 )  
27  30 30  30  26(1) 12(3 )  11 (3 )  7(3) 
28 30  30  30 26(1 )  12(3) 11(4 )  7 (4 )  
29  30  30  30  26  12(3) 11(4 )  8(3) 
30  30 30  30  26(1 )  13(2) 11(3 )  10 (3 )  
Tri phenyl Phosphate 
Rainbow trout sac-fry 
Concentration (yg/1) 
Time 
(day)  450  310  240 160  125  % 
1  4(26) 1(16)  1(8) 0(1) 0  0  0  
2  4(26) 2(21) 2(14) 0(1 )  0  0  0  
3  6(24) 2(22) 2(12) 0(1 )  0  0  0  
4  6(24) 2(22) 2(13) 0(2 )  1  0  0  
5  6(24) 2(22) 2(11) 0(2) 1(1 )  0  0  
6  6(24) 2(22) 2(9) 0(2 )  1  0  0  
7 7(23) 2(20) 2(8) 0  1 0  0  
8  7(23) 2(21)  2(6) 0  1 0  0  
9  7(23) 2(18) 2(5) 0  1  0  0  
10  7(23) 2(16) 2(4) 0  1 0  0  
11  10 (20)  6(12) 2(2) 0  1 0  0  
12  15 (15)  12(7) 3(3) 1  1  0  0  
13  18 (12)  12 (5 )  3(3) 1  1  0  0  
14  22(7) 12(7 )  4(2) 2(1 )  2  1  0  
15  25 (4 )  15 (3 )  4(2) 2(1 )  3  1  0  
16  27 (2 )  15 (3 )  6(1) 2(1) 3  1  0  
17  29  17(2) 7  2 (1 )  3  1  0  
18  29  17 (2 )  7  2 (1 )  3  1  0  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
n 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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21 30 27(3) 26(4) 15(11) 7(8) 5(6) 3(4) 
22 30 28(2) 27(3) 22(5) 10(5) 6(5) 4(4) 
23 30 28(2) 30 23(3) 11(4) 8(3) 4(3) 
24 30 28(2) 30 24(4) 11(4) 9(4) 4(4) 
25 30 30 30 24(4) 12(2) 9(4) 5(4) 
26 30 30 30 26(2) 12(2) 10(4) 7(4) 
27 30 30 30 26(1) 12(3) 11(3) 7(3) 
28 30 30 30 26(1) 12(3) 11(4) 7(4) 
29 30 30 30 26 12(3) 11(4) 8(3) 
30 30 30 30 26(1 ) 13(2) 11(3) 10(3) 
Tri phenyl Phosphate 
Rainbow trout sac-fry 
Concentration (yg/1) 
Time 
(day) 450 310 240 160 125 % 
1 4(26) 1(16) 1(8) 0(1) 0 0 0 
2 4(26) 2(21) 2(14) 0(1) 0 0 0 
3 6(24) 2(22) 2(12) 0(1) 0 0 0 
4 6(24) 2(22) 2(13) 0(2) 1 0 0 
5 6(24) 2(22) 2(11) 0(2) 1(1) 0 0 
6 6(24) 2(22) 2(9) 0(2) 1 0 0 
7 7(23) 2(20) 2(8) 0 1 0 0 
8 7(23) 2(21) 2(6) 0 1 0 0 
9 7(23) 2(18) 2(5) 0 1 0 0 
10 7(23) 2(16) 2(4) 0 1 0 0 
11 10(20) 6(12) 2(2) 0 1 0 0 
12 15(15) 12(7) 3(3) 1 1 0 0 
13 18(12) 12(5) 3(3) 1 1 0 0 
14 22(7) 12(7) 4(2) 2(1) 2 1 0 
15 25(4) 15(3) 4(2) 2(1) 3 1 0 
16 27(2) 15(3) 6(1) 2(1) 3 1 0 
17 29 17(2) 7 2(1) 3 1 0 
18 29 17(2) 7 2(1) 3 1 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
195 
19 29 17(4) 7 2(1) 3 1 0 
20 29 17(4) 7 2(1) 3 1 0 
21 29 18(3) 7 2(1) 3 1 0 
22 30 18(3) 7 2(1) 3 1 0 
23 30 18(3) 7 2(1) 3 1 0 
24 30 18(3) 7 2(1) 3 1 0 
25 30 18(3) 7 2(1) 3 0 
25 30 19(1) 7 2(1) ' 3 1 0 
27 30 19(1) 7 2(1) 3 1 0 
23 30 20(1) 7 2(1) 3 1 0 
29 30 20(1) 7(2) 2(1) 3 1 0 
30 30 20(1) 7(2) 2(1) 3 1 0 
Rainbow trout finqerlinq 
T1 nio Concentration (yg/1) ! 1 iifc 
(day) 450 310 240 160 125 90 55 
1 0(23) 0(11) 0(6) 0(6) 0(2) 0 0 
2 0(28) 0(18) 0(8) 0(5) 0(5) 0(2) 0 
3 4(26) 0(19) 0(10) 0(5) 0(4) 0(3) 0 
4 5(25) 0(22) 0(10) 0(6) 0(6) 0(3) 0 
5 6(24) 0(22) 0(10) 0(6) 0(6) 0(3) 0 
6 6(24) 0(23) 1(11) 0(6) 0(7) 0(3) 0 
7 8(22) 0(23) 2(8) 0(6) 0(7) 0(3) 0 
8 9(21) 1(20) 2(7) 0(6) 0(5) 0(2) 0 
9 9(21) 1(20) 4(6) 0(6) 0(6) 0(3) 0 
10 11(19) 1(20) 4(5) 1(5) 0(6) 0(4) 0 
11 11(19) 1(18) 4(6) 1(5) 0(6) 0(4) 0 
12 11(19) 1(18) 5(5) 1(6) 0(6) 0(3) 0 
13 12(18) 1(16) 6(4) 1(5) 0(7) 0(4) 0 
14 12(18) 1(16) 6(4) 1(6) 0(6) 0(5) 0 
15 13(17) 1(15) 6(4) 1(5) 0(6) 0(4) 0 
16 17(13) 9(7) 6(4) 2(4) 6(2) 1(4) 0 
17 19(11) 10(7) 6(4) 2(4) 6(2) 1(4) 0 
18 21(7) 12(3) 7(3) 2(4) 7(1) 1(4) 1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
25(3 )  15(0) 
26(2 )  16(1) 
27(2 )  17 
27(2 )  17 
27(2 )  17 
27(1 )  17 
28(1 )  17(1) 
29(1) 18(1) 
29(1 )  19(1) 
29(1 )  19(1) 
29(1 )  19(1) 
29(1 )  19 
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7(3 )  4 (3  
7 (3 )  4 (3  
7 (3 )  4 (3  
8 (3 )  4 (3  
8 (1 )  5 (2  
8 (1 )  5 (2  
8 (3 )  5 (2  
8 (4 )  6 (2  
10(2)  6(2 
10(2 )  7 (3  
10(2 )  7 (3  
10(3 )  7 (3  
8 (1 )  3 (3 )  
8 (1 )  3 (3 )  
9 6 
9 6 
9 6 
9 6(1) 
9 6(1 ) 
9 <5(1 ) 
9(1) 6(1 )  
9 6(1  )  
9 6(1) 
9(1) 6 
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APPENDIX G: THE FLOW-THROUGH ACUTE TOXICITY ANALYZED BY THE METHOD OF 
LITCHFIELD AND WILCOXON (1949) OF PYDRAUL 50E AND TRIPHENYL 
PHOSPHATE TO RAINBOW TROUT 
Toxicant 
Life-stage of fish LCso (95% CL) Slope ECso (95% CL) Slope 
Day of exposure (yg/l) function (uq/1) function 
Pydraul 50E 
Sac-fry 1 >2590 770(698-849) 1 .315 
2 >2590 590(588-810) 1 .372 
3 2450(1929-3112) 2 .268 690(587-812) 1 .378 
4 1650(1443-1887) 1 .699 680(597-802) 1 .385 
5 1650(1443-1887) 1 .699 700(599-817) 1 .359 
6 1650(1443-1887) 1 .699 670(567-792) 1 .392 
7 1650(1443-1887) 1 .699 680(574-806) 1 .399 
8 1650(1443-1887) 1 .699 690(608-783) 1 .234 
9 1600(1378-1858) 1 .668 680(604-765) 1 .262 
10 1550(1340-1793) 1 .647 710(624-807) 1 .288 
11 1400(1221-1606) 1 .599 710(624-807) 1 .288 
12 1300(1075-1572) 2 .122 680(604-765) 1 .262 
13 1150(961-1376) 2 .031 650(568-743) 1 .304 
14 980(325-1164) 1 .975 650(574-736) 1 .414 
15 830(693-993) 2. .036 610(532-699) 1 .464 
16 770(651-910) 1, .936 570(485-670) 1 .572 
17 650(546-774) 2. .160 630(535-742) 1 .581 
18 610(519-717) 1, .896 530(450-624) 1 .751 
19 560(447-701) 2. .105 500(421-594) 1, .616 
20 540(443-658) 2, .191 490(414-580) 1. .599 
21 500(426-586) 1. 727 460(404-524) 1. .562 
22 475(394-572) 2. ,085 460(404-524) 1. .562 
23 450(365-555) 2. 056 420(356-472) 1. .621 
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24 445^ - 420^ -
25 420^ - 410^ -
26 420^ - 410^ -
27 42oJ - 405^ -
28 415^ - 405^ -
29 415^ - 405^ -
30 410^ - 405^ -
Finger1ing 
700(590-830) 1 >2590 1 .790 
2 >2590 690(594-801) 1 .668 
3 2350(2128-2595) 1.320 660(572-762) 1 .633 
4 2150(1956-2363) 1.303 640(546-751) 1 .562 
5 2100(1917-2301) 1.291 610(527-707) 1 .508 
6 2100(1919-2298) 1.287 640(551-743) 1 .670 
7 2100(1919-2298) 1.287 620(533-721) 1 .523 
8 2100(1919-2298) 1.287 600(514-700) 1 .695 
9 2050(1856-2264) 1.320 630(541-733) 1 .681 
10 1950(1717-2215) 1.427 660(559-780) 1 .771 
11 1930(1699-2192) 1.427 620(525-733) 1 .773 
12 1850(1662-2060) 1.445 640(550-744) 1 .675 
13 1600(1388-1844) 1.488 640(548-747) 1 .701 
14 1400(1255-1562) 1.454 640(548-747) 1 .701 
15 1400(1251-1566) 1.469 640(542-756) 1 .933 
16 1300(1166-1450) 1.453 620(525-732) 1 .593 
17 1170(999-1370) 1.869 620(525-732) 1 .593 
18 1150(980-1350) 1.840 620(530-725) 1 .709 
19 980(828-1160) 1.784 580(502-670) 1 .767 
20 970(823-1140) 1.758 540(458-636) 1 .786 
21 940(782-1130) 1.881 560(476-659) 1 750 
22 770(661-897) 1.826 540(455-641) 1 972 
In the set of data the lowest percentage of response was more than 
35% but less than 50% or the highest percentage of response was less than 
65% but more than 50%, 
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23 
24 
25 
25 
27 
28 
29 
30 
Tri phenyl 
phosphate 
Sac-fry 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
1 6  
17 
18 
19 
20 
690(583-817) 1.950 560(476-659) 1 .750 
670(566-792) 1.941 540(461-632) 1 .714 
690(588-690) 1.887 560(483-649) 
490^ 
1 .796 
620(511-752) 1.936 -
620(523-734) 1.953 540(451-647) 
460^ 
2 .038 
620(523-734) 1.953 -
600(503-715) 2.174 460^ -
585(484-707) 2.113 500^ -
>450 - 295(262-332) 1.389 
>450 - 235(211-261) 1.235 
>450 - 245(225-266) 1.201 
>450 - 240(212-272) 1.414 
>450 - 255(226-287) 1.395 
>450 - 255(225-289) 1.414 
>450 
- 270(237-307) 1.433 
>450 - 270(238-306) 1.423 
>450 - 265(233-301) 1.433 
>450 - 285(249-325) 1.450 
>450 
- 300(260-345) 1.483 
>450 
-
285(250-325) 1.450 
400^ - 290(252-333) 1.476 
350(293-350) 1.835 265(228-309) 1.685 
310(263-365) 1.757 270(231-315) 1.696 
310(263-365) 1.757 270(231-315) 1.696 
280(243-323) 1.634 270(231-315) 1.696 
280(243-323) 1.634 265(227-309) 1.694 
280(243-323) 1.634 265(227-309) 1.694 
280(243-323) 1.634 265(227-309) 1.694 
In the set of data the lowest percentage of response was more than 
35% but less than 50% or the highest percentage of response was less than 
65% but more than 50%. 
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21 280(243-323) 1.634 265(227-309) 1.694 
22  280(243-323) 1.634 265(227-309) 1.694 
23  280(243-323) 1.534 255(227-309) 1 .694 
24 280(243-323) 1.534 265(227-309) 1 .694 
25 280(243-323) 1.534 265(227-309) 1 .694 
26 260(224-302) 1.575 260(225-305) 1 .690 
27 250(224-302) 1.675 260(225-305) 1 .590 
28  250(224-302) 1 .575 260(225-305) 1.690 
29 250(224-302) 1.675 260(224-302) 1.656 
30 250(224-302) 1.675 260(224-302) 1.666 
Fingerling 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
11 
12 
13 
14 
15 
16 
17 
>450 
>450 
>450 
>450 
>450 
>450 
>450 
>450 
>450 
>450 
>450 
>450 
>450 
>450 
>450 
400^ 
360^ 
370(311-440) 1.311 
265(225-311) 1.890 
275(235-320) 1.825 
250(220-307) 1.924 
260(220-307) 1.924 
250 
245' 
250^ 
-1 265 
255 
255' 
255^ 
260^ 
270^ 
265^ 
250^ 
250^ 
1 
Hhe chi^ value of the set of data was not in the acceptable chi^-
value (P=0.05). 
2 In the set of data the lowest percentage of response was more than 
35% but less than 50% or the highest percentage of response was less than 
65% but more than 50%. 
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18  300^  250  
19  295^  245  
20 290^  245  
21  '  265^  245  
22 265% 245  
23 265^  230  
24  265^  230  
25  240^ 230 
26  240^ 230 
27  240^ 230 
28 240^ 225 
29  240^ 225 
30  240^ 225 
^The chi^ value of the set of data was not in the acceptable chi 
value (P=0.05). 
203 
APPENDIX H: NUMBERS OF RAINBOW TROUT COLLECTED FOR PHYSIOLOGICAL STUDY IN 
THE PARTIAL CHRONIC STUDY OF PYDRAUL 50E 
Elimination 
Concentration (da/) (da?) 
Diluter (uq/1) 0_ 15 30 90 15 M 
Low concentration Control 50 30 16 10 8 8 8 
- 30 16 10 8 8 8 
High concentration Control^ - 30  15 - - - 10 
^Same numbers were collected for 3, 4, 5, 8, 11, and 15 yg/1. 
^Same numbers were collected for 24, 34, 48, 75, 95, 136, and 192 
ug/1  -
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APPENDIX I: NUMBERS AND TOTAL WEIGHTS IN GM (IN PARENTHESES) OF RAINBOW 
TROUT COLLECTED FOR RESIDUE ANALYSIS IN THE PARTIAL CHRONIC 
STUDY OF PYDRAUL 50E 
Diluter 
Low 
High 
concentration 
Concentration Exposure (day) 
15 30 60 
Control 50 115 48 14 
(26.3) (31.6) (29.6) ( 2 5 . 2 )  
2 - 105 49 14 
- (28.7) (33.5) (27.0) 
3 - 117 49 13 
-
(31.8) ( 2 9 . 5 )  (23.0) 
4 - 95 48 13 
- (26.5) (30.7) (21.3) 
6 - 112 49 14 
- (30.4) (30.2) (22.8) 
8 - 93 48 12 
- (26.5) (29.5) (19.1) 
11 - 102 48 11 
-
(25.3) (23.1) ( 1 5 . 0 )  
15 - 101 40 12 
- (24.1) (16.5) (16.2) 
Control - 102 48 -
- ( 2 7 . 6 )  ( 2 8 . 3 )  -
24 - 100 8 3  -
- (17.0) (18.7) -
Elimination (day) 
90 3 7 15 30 
15 8 8 8 8 
(71.7) ( 4 2 . 4 )  ( 4 8 . 6 )  (55.9) (80.0) 
15 7 7 6 7 
(79.2) (39.5) (43.5) (58.3) (95.3) 
15 8 8 8 8 
(58.7) (45.5) (47.0) (73.9) (106.0) 
15 8 8 8 8 
(68.8) (45.7) (44.3) (69.1) (118.7) 
15 8 8 8 8 
(69.7) (43.5) (41.3) (69.9) (99.8) 
15 8 8 8 8 
(68.9) (38.9) (47.5) (58.0) (115.2) 
15 8 8 7 7 
(57.7) (43.5) (39.4) (50.3) (72.1) 
15 7 - 6 6 
(35.6) (29.2) - (34.1) (56.8) 
- - - - 99 
( 1 6 1 . 2 )  
- - - " 41 
(30.O) 
C o n c e n t r a t i o n  Exposure (day) 
Diluter (ug/T) _0 15 30 
34 - 101 59 
(17.1) (12.2) 
48 - 104 66 
(16.0)  (10.8)  
75 - 97 73 
(13.5) (11.7) 
96 - 114 54 
(16.0) (7.6) 
136 - 105 45 
(13.8) (7.0) 
192 - 115 45 
(15.2) (6.6) 
Elimination (day) 
7 15 30 
40 
(26.3) 
32 
(17.0) 
36 
(19.0) 
28 
(15.7) 
16 
( 1 2 . 0 )  
19 
(9.5) 
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APPENDIX J: NUMBERS OF RAINBOW TROUT COLLECTED FOR PATHOLOGICAL 
STUDY IN THE PARTIAL CHRONIC STUDY OF PYDRAUL 50E 
Concentration Exposure (day) 
concentration 
Elimination 
(day) 
Diluter (uq/1) 0_ 11 M 60 15 30 
Low 
concentration 
Control 
2^ 
10 - 5 
5 
5 
5 
5 
5 
5 3 
5 3 
High Control^ - - 5 - - 5 
^Same numbers were collected for 3, 4, 5, 8, 11, and 15 yg/1. 
^Same numbers were collected for 24, 34, 48, 75, 96, 136, and 192 
yg/1. 
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APPENDIX K: HISTOLOGICAL METHODS USED IN PREPARING 
SPECIMENS FOR PATHOLOGICAL EXAMINATION 
Decalcified fish specimens for pathological examination were turned 
over to the pathological section of the laboratory where the following 
treatments were made by them. 
The decalcified fish specimens were dehydrated for 2 h in each solu­
tion of 70, 80, 90, and absolute alcohol, chloroform and paraplast re­
spectively by means of an "Autotechnicon." The dehydrated tissue was em­
bedded in a small block of paraplast, sectioned by microtome, and the 
sections were allowed to float on a water bath containing a small amount 
of gelatin. A good selected paraffin section was attached on a glass 
slide. The slides were kept overnight at 62°C in an oven to remove wax 
and deparaffinized in xylene for 3-5 minutes. The slides were stained 
with hematoxylin dye by treating the slides in the following steps: 
xylene » xylene » xylene • abs. alcohol > 90% alcohol 
3 min 1 min 1 min 1 min 1 min 
i 
water <— hematoxylin,!— water < 70% alcohol < 80% alcohol 
4 dips 5 min 4 dips 1 min 1 min 
5 N HCl in 70% alcohol > water » saturated LizCOs —* water 
1 dip 4 dips 1 min 3-10 dips 
abs. alcohol «— 90% alcohol <— 80% alcohol *— Eosin <— 70% alcohol 
2 min 1 min 1 min 3 min 1 min 
1 
abs. alcohol > xylene > xylene > xylene 
3 min 3 min 2 min 1 min 
The stained slide was mounted by cover bond (Permount, a mounting 
media) and cover glass and kept overnight at room temperature and another 
2 days at 50°C in an oven. The slide was investigated for pathological 
effects under microscope. 
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APPENDIX L: NOMINAL TOTAL NUMBERS OF RAINBOW TROUT LEFT IN THE AQUARIA 
AFTER THE SAMPLING SCHEDULE TIME PERIOD IN THE PARTIAL 
CHRONIC STUDY OF PYDRAUL 50E 
Concentration Sampling schedule time period 
Diluter 
Low conc. 
High conc. 
( y q / 1  )  0  1 5  3 0  6 0  9 0  l i  
Control 3 5 0  1 3 5  1 1 4  8 5  5 7  1 9  
2  3 5 0  1 8 0  1 0 9  8 0  5 2  1 8  
3  3 5 0  1 8 5  1 1 4  8 5  5 7  1 9  
4  3 5 0  1 3 5  1 1 4  8 5  5 7  1 9  
6  3 5 0  1 8 5  1 1 4  8 5  5 7  1 9  
8  3 5 0  1 8 5  1 1 4  8 5  5 7  1 9  
n  3 5 0  1 8 5  1 1 4  8 2  5 4  1 8  
1 5  3 5 0  1 8 5  1 1 4  7 6  4 3  1 6  
Control 3 5 0  1 8 5  1 1 4  
2 4  3 5 0  1 8 5  5 9  
3 4  3 5 0  1 8 5  5 9  
4 8  3 5 0  1 8 5  5 1  
7 5  3 5 0  1 8 5  5 4  
9 5  3 5 0  1 8 5  5 6  
1 3 6  3 5 0  1 8 5  5 1  
1 9 2  3 5 0  1 8 5  6 1  
Hhe 15-day elimination period. 
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APPENDIX M: CUMULATIVE MORTALITY OF RAINBOW TROUT EXPOSED TO 2 TO 192 
yg/1 PYDRAUL 50E IN THE COMBINED GROWTH CHAMBERS (6C) AND 
RESIDUE CHAMBERS (RC) IN THE PARTIAL CHRONIC STUDY 
Low Concentration Diluter: Exposure Period 
Concentration (yg/1) 
Exposure Control 2 3 4 6 8 11 15 
(day) GÇRÇGÇRÇGÇRÇGÇRÇGÇ^GÇRÇ^RÇSÇ^ 
1-2 0000000000000000 
3  0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0  
4  1 1 1 0 1 0 4 0 0 1 1 0 0 2 0 0  
5  4 3 4 0 9 0  1 4  1 1 2 6 0 1 -  1 1  1  
6  9 4 9 6  1 4  0  1 7  5 5 7  1 5  6 3 5  1 6  4  
7 10 5 13 13 - 1 19 8 - 13 18 11 5 9 - 8 
8 n 6 16 15 - 3 20 13 - 14 - 16 7 14 18 10 
9 - 7 18 - - - 21 15 - 16 20 20 8 19 - -
1 0  -  -  -  -  -  -  - 1 6  1 7  2 1  2 2  - 1 1  
1 1  9  - 1 6 - -  -  -  - -  - -  -  2 3 - -
1 2  - 1 7  -  -  -  -  -  -  - 2 2  -  -  - 1 2  
1 3  _ - _ - - 4 - - - - - - - - - 1 3  
1 4  - - - - - - - -  -  1 8  -  - -  - - 1 5  
1 5  - 1 9  -  -  -  -  9  2 4  - 1 6  
1 6  - 1 0 - 1 8 - -  -  2 0  6 - - - - - - -
17 - - - - - - - - - - - - - - - 1 8  
1 8 - 2 1  -  - -  - -  - -  - -  - -  - -  - -  -
2 2  _  1 1  - - - - - - - - - - -  2 5  1 9  2 0  
2 3  - - - - - - - - - -  -  2 3  -  -  2 0  2 1  
2 4  - - - - - - - - - - - - - - - -
2 5  - - - - - 5 - 2 1  -  - -  - -  - - 2 2  
2 6  - - - - - - - - - - - - - - - -
2 7  - - - - - - - - - - - -  -  2 6  - -
2 8  - - - - - - - - -  2 1 -
211 
29 23 
30 - - 24 - - - -
3 1  - - - - - - - - - -  -  2 6 - - - -
32 
3 3  - - - - - - - - - - - - - - -  2 5  
3 4  - - - - - - - - - - - - - - -  2 6  
35-37 - -- -- -- -- -- - - -- -
3 8  - - - - - -  -  2 2  -  - -  - -  - -  2 7  
39-42 - -- -- -- -- -- -- -- -
4 3  - - - - - - - - - - - - - - - 2 3  
4 4  _ _ _  - - - - - - - - - 1 0 -  -  2 9  
4 5  - - - - - - - - - - - - - - - 3 0  
46-47 - -- -- -- -- -- -- -- -
4 9  - - - - - - - - - - - - - - - -
50 - - - - - - - - - - - - 1 2 - - -
5 1  - - - - - - - - - - - - - - - -
5 2  - - - - - - - - - - - - - - - 3 2  
5 3  - - - - - - - - - - - - -  - - -
5 4  —  -  -  - 1 5  -  —  -  -  -  -  -  1 3  2 7  -  —  
5 5  - - - - - - - - - - - - - - - 3 3  
56-59 - -- -- -- -- -- -- -- -
5 0  - - - - - - - - - - - - -  2 8  -  3 4  
6 1  - - - - - - - - - - - - - -  2 2  3 5  
62-63 - -- -- -- -- -- -- -- -
5 4  - - - - - - - - - - - - - -  2 3  3 6  
65-71 - -- -- -- -- -- -- -- -
7 2  - - - - - - - - - - - - - - - 3 7  
73-90 - -- -- -- -- -- -- -- -
There was only 1 mortality (in the highest concentration aquarium) during 
the 30-day elimination period. 
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High Concentration Diluter: Exposure Period 
Concentration (yg/1) 
Exposure 
time 
(day) 
Control 24 
GÇ RÇ 
34 
GÇ RÇ 
48 
GÇ RÇ 
75 
GC ^ 
96 
GÇ ^ 
136 
GÇ RÇ 
192 
GÇ ^ 
1-2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
4 2 0 0 1 0 0 0 0 0 0 0 1 0 0 0 2 
5 3 2 4 - 6 0 3 1 1 0 1 3 0 0 1 -
5 9 5 11 2 12 1 5 4 5 4 2 7 2 5 3 3 
7 10 6 - 9 13 6 6 14 9 10 3 10 - 16 - 5 
8 12 10 - 11 - 8 - 17 - 15 - 11 - 17 - 9 
9 14 15 12 12 - 11 7 21 - 21 - 14 - 20 - 10 
10 15 17 - 15 - 15 - 22 10 23 - 15 3 22 - -
11 - 18 - 18 - 16 - - - 24 - - - 23 4 -
12 - - - 20 - 17 - 24 - - - - - 25 - 13 
13 - - - - - - - - - - - 16 - 26 - 14 
14 - - - 22 - 18 - - - 27 - 18 - - - -
15 - - 13 - - 21 - - - 2 8  - - - 27 - 16 
16 - - 14 23 14 - 8 26 - 32 - 19 4 31 - 17 
17 - 19 - 24 - 2 2  9 30 - 37 4 24 5 35 - 19 
18 - - - 27 18 23 10 35 11 3 8  - 27 - 37 - 20 
19 - - - 33 20 30 - 37 - 4 0  8 30 - 40 - 23 
20 - - - 34 21 37 11 40 12 4 2  - 34 - - 5 24 
21 - - - 36 - 40 - 43 - 44 9 38 - 47 - 27 
2 2  - - - - - 42 - 44 - 45 - 44 7 50 6 29 
23 - - - 37 - 45 - 45 - 47 - 45 8 53 7 -
24 - - - - - 46 - 46 - - - 49 9 54 8 32 
25 - - 15 39 22 47 - 47 - - - 50 11 56 - 33 
26 - 20 - 40 - 48 - 48 - 49 - 51 - 59 9 34 
27 49 - 55 - - n  53 12 67 - 3 8  
28 - - - 41 - 50 - 57 - 50 - 57 14 73 11 44 
29 - - - 42 - 54 12 58 13 56 12 62 - 80 13 56 
30 _ _ - - - 58 15 63 14 61 - 63 - 83 15 63 
213 
High Concentration Diluter: Elimination Period 
Elimina- Concentration (ug/D 
tion Control 24 34 48 75 96 135 192 
(day) ^^GÇ^^RÇœ^GÇ^GÇ^GÇRÇ^RÇ 
1  0 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0  
2  0 0 0 0 0 1  - 1  -  0 3 1  3 0 2 3  
3  0 0 0 0 1  -  - -  - 0 - - - 3 - 6  
4  0 0 0 1 2 - 2 - - 0 - 2 4 6 - 8  
5  0 0 0 2 - - - 2 - 0 - 5 5 9 3 1 0  
6  0 0 0 - - - - - - 1 - 6 5  1 0  4 -
7  0 0 0 - - - - - - - - ~ ~ " 5 -
8  0 0 0  -  - -  - -  - 2 - -  -  1 1  6  1 3  
9  0 0 0 - - - - - - - - 7 - - 7  1 4  
1 0  0 0 0 - 3 - - - - - - 8 -  1 3  -  1 7  
1 1  0 0 0 - - - - - - - - - - - - -
1 2  0 0 0 - - - - - - - - - 7 - 3 -
1 3  0 0 0 3 - - - - - - - - - - - -
14-16 000-------------
1 7  0 0 0 - - - - - - - - 9 - - - ^ 8  
1 8  0 0 0 - - - - - - - - - - -  -  1 9  
19-21 0 00-------------
2 2  0 0 0  -  - -  - -  - -  -  1 0  - - - -
23-30 000-------------
The dash (-) means no additional mortality in that period. 
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APPENDIX N; MEAN LENGTH IN MM, STANDARD DEVIATION (IN PARENTHESES) A.MD 
SAMPLE SIZE OF RAINBOW TROUT FROM THE 2 GROWTH CHAMBERS 
EXPOSED TO 2 TO 192 yg/1 PYDRAUL 50E IN THE PARTIAL CHRONIC 
STUDY 
Diluter 
Low 
conc. 
Concentration 
(uq/1) 
Control 
Exposure period (day) 
Chamber 0 15 30 60 90 
1 23.3 33.1 39.7 58.9 80.4 
(1.1) (1.5) (1.9) (2.6) ( 5 . 2 )  
25 19 16 9 5 
2 23.7 33.5 3 9 . 9  56.0 75.6 
(1.3) (1.4) ( 2 . 0 )  ( 3 . 3 )  (5.2) 
25 19 15 11 5 
1 24.0 33.0 40.7 58.5 83.0 
(1.1) (1.7) (2.2) (4.0) ( 8 . 6 )  
25 18 16 14 5 
2 23.6 33.8 40.8 57.4 79.2 
(1.0) (1.6) ( 2 . 8 )  (4.4) (4.9) 
25 14 17 8 5 
1 24.1 33.3 41.1 57.2 79.8 
(O.S) (1.2) ( 2 . 5 )  (3.9) (4.1) 
25 19 14 12 5 
2 2 3 . 8  32.2 40.7 5 7 . 7  76.6 
(0.9) (1.9) (1.8) (3.3) ( 6 . 2 )  
25 18 15 8 5 
1 24.0 33.7 40.2 58.2 79.4 
(1.2) (1.6) (1.7) ( 2 . 9 )  (5.0) 
2 5  12 15 10 5 
2 23.7 3 2 . 2  41.4 58.1 7 8 . 4  
(1.0) (1.5) (1.6) (1.5) (3.5) 
25 16 16 8 5 
8 
n 
15 
High Control 
conc. 
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1 23.6 32.5 
(1.1) (1.1) 
25 22 
2 23.0 32.4 
(1.1) (1.4) 
25 22 
1 23.9 32.3 
(1.3) (1.3) 
25 18 
2 23.8 33.0 
(1.2) (1.8) 
25 12 
1 23.6 31.1 
(1.1) (2.0) 
25 15 
2 23.7 31.2 
(0.9) (2.1) 
25 22 
1 23.7 31.0 
(0.9) (1.9) 
25 16 
2 23.8 30.9 
(1.0) (1.4) 
25 17 
1 23.5 32.5 
(1.0) (2.4) 
25 16 
2 23.2 32.9 
(1.1) (1.4) 
25 19 
1 23.2 28.8 
(1.0) (1.8) 
25 16 
40.1 57.6 80.2 
(2.0) (3.9) (8.3) 
15 11 5 
39.2 55.3 77.4 
(2.8) (4.4) (6.2) 
15 9 5 
39.5 57.8 82.0 
(3.5) (6.0) (2.9) 
16 10 5 
40.0 56.3 77.6 
(1.9) (4.7) (10.5) 
15 11 5 
34.3 50.4 74.0 
(3.7) (10.6) (17.4) 
16 7 5 
35.2 49.3 71.0 
(2.7) (7.7) (11.6) 
15 9 5 
34.2 44.1 56.0 
(3.6) (8.9) (20.7) 
10 8 5 
34.4 40.2 62.0 
(2.7) (7.0) (9.9) 
15 10 4 
40.6 
(2.4) 
15 
40.9 
(2.1) 
15 
29.7 
(2.6) 
14 
216 
34 
4 8  
7 5  
9 5  
1 3 5  
2 23.0 28.6 29.9 
(1.2) ( 1 . 6 )  ( 2 . 3 )  
25 20 15 
1 23.4 27.5 29.1 
(0.9) (1.9) ( 2 . 3 )  
25 17 9 
2 2 3 . 8  27.8 30.2 
(1.0) ( 1 . 4 )  (2.3) 
25 19 13 
1 2 3 . 3  27.5 29.0 
( 0 . 8 )  (1.5) (1.0) 
25 21 15 
2 22.8 27.3 29.0 
(1.3) (1.1) (1.7) 
25 16 12 
1 23.5 26.7 28.0 
(1.0) (1.1) (1.8) 
25 20 14 
2 23.3 26.9 27.9 
(1.0) (1.1) (1.3) 
25 20 13 
1 23.6 27.1 27.3 
(0.9) (1.3) (1.2) 
2 5  24 11 
2 2 3 . 2  26.7 26.7 
(1.1) (1.3) (0.9) 
2 5  24 10 
1 23.3 26.5 27.9 
(0.9) (1.2) (1.1) 
25 22 n 
2 23.8 26.5 27.2 
(0.9) (1.0) (1.5) 
25 23 11 
23.4 25 .1 26, .2 
(0.8) (1 .2) (1 .0) 
25 22 9 
23.0 25 .7 26 .0 
(T.3) (T .5) (1. .0) 
25 24 10 
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APPENDIX 0: MEAN LENGTH IN MM, STANDARD DEVIATION IN PARENTHESES AND 
SAMPLE SIZE OF RAINBOW TROUT IN COMBINED GROWTH CHAMBER (GC) 
AND RESIDUE CHAMBER (RC) EXPOSED TO 2 TO 192 pg/1 PYDRAUL 50E 
IN THE PARTIAL CHRONIC STUDY 
Concen­
tration Cham-
Diluter (yg/l ) 
Low Control 
conc-
Elimination 
Exposure period (day) period (day) 
ber 0 15 30 60 90 15 30 
GC 23.5 33.3 39.8 57.3 78.0 
(1.2) (1.5) (1.9) (3.3) (5.5) 
50 38 31 20 10 
RC 23.6 32.2 40.0 57.3 76.8 88.8 99.0 
(1.2) (1.6) (2.3) (3.2) (5.7) (7.7) (8.3) 
50 25 25 20 20 21 19 
GC 23.8 33.3 40.7 58.1 81.1 
(1.1) (1.7) (2.5) (4.1) (6.9) 
50 32 31 22 10 
RC 23.6 32.4 41.0 58.7 80.8 93.3 108.0 
(T.2) (1.2) (1.9) (3.0) (4.8) (6.0) (9.7) 
50 25 25 20 20 15 16 
GC 23.9 33.3 40.9 57.4 78.2 
(0.9) (1.6) (2.1) (3.6) (5.2) 
50 37 29 20 10 
RC 23.5 31.5 40.0 57.7 76.3 91.2 102.6 
(1.2) (1.3) (1.5) (3.4) (6.2) (8.2) (8.0) 
50 25 25 20 20 21 20 
GC 23.9 33.4 40.9 58.2 78.9 
(1.1) (1.6) (1.7) (2.3) (4.1) 
50 23 36 18 10 
RC 23.6 31.7 40.0 56.4 76.6 91.9 99.2 
(1.2) (1.9) (3.1) (2.7) (7.7) (8.4) (8.6) 
50 25 25 20 20 21 23 
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11 
1 5  
High Control 
conc. 
24 
G C  2 3 . 3  3 2 . 4  39.7 5 6 . 6  78.8 
(1.1) (1.3) ( 2 . 5 )  ( 4 . 2 )  (7.3) 
50 44 30 20 10 
RC 23.6 31.0 40.0 56.7 76.7 91.4 101.8 
( 1 . 2 )  ( 1 . 6 )  ( 2 . 6 )  (3.5) ( 5 . 2 )  ( 8 . 4 )  (7.0) 
50 25 25 20 2 0  21 20 
GC 2 3 . 8  32.6 39.7 51.0 79.8 
( 1 . 2 )  ( 1 . 5 )  ( 2 . 8 )  ( 5 . 3 )  (7.6) 
50 30 31 21 10 
RC 2 3 . 6  3 2 . 2  39.4 54.5 76.0 87.3 101.3 
( 1 . 2 )  ( 1 . 2 )  ( 2 . 4 )  ( 4 . 4 )  (6.4) ( 6 . 8 )  ( 9 . 0 )  
50 25 25 2 0  20 21 2 2  
GC 23.6 31.2 34.7 49.8 72.5 
( 0 . 9 )  ( 2 . 0 )  ( 3 . 3 )  ( 8 . 8 )  (14.0) 
50 37 31 16 10 
RC 23.6 3 0 . 3  35.6 49.4 70.0 83.0 94.1 
(1.2) ( 2 . 6 )  ( 3 . 8 )  ( 5 . 0 )  ( 8 . 2 )  ( 8 . 7 )  (12.4) 
50 25 25 20 2 0  18 18 
GC 23.8 31.0 34.3 41.9 58.7 
( 0 . 9 )  ( 1 . 7 )  ( 3 . 0 )  ( 7 . 7 )  (16.2) 
50 33 25 18 9 
RC 23.6 30.9 35.0 43.1 59.8 75.2 9 6 . 1  
( 1 . 2 )  ( 2 . 0 )  ( 2 . 4 )  (5.6) (12.4) (11.9) (10.5) 
50 25 25 20 20 17 16 
GC 23.3 32.7 40.7 
( 1 . 0 )  ( 1 . 9 )  ( 2 . 2 )  
50 37 30 
RC 2 3 . 6  31.2 39.8 5 7 . 8  
(1.2) ( 1 . 5 )  (1.6) ( 3 . 2 )  
50 25 25 20 
GC 23.1 28.7 2 9 . 8  
(1.1) ( 1 . 7 )  ( 2 . 4 )  
50 36 29 
220 
34 
48 
75 
95 
135 
RC 23.6 28.7 30.6 40.2 
(1.2) ( 1 . 3 )  ( 2 . 6 )  ( 3 . 7 )  
50 25 25 20 
6C 23.6 27.6 29.8 
(0.9) ( 1 . 6 )  ( 2 . 3 )  
50 36 22 
RC 23.6 28.2 29.5 38.5 
(1.2) (1.3) (1.5) (3.7) 
50 25 2 5  20 
GC 23.1 2 7 . 5  29.0 
(1.1) ( 1 . 3 )  (1.3) 
50 37 27 
RC 23.6 27.7 28.3 39.1 
(1.2) (1.4) (1.9) ( 2 . 2 )  
50 25 25 20 
GC 23.4 26.7 28.0 
(1.0) (1.1) ( 1 . 6 )  
50 40 27 
RC 23.6 27.3 27.9 3 5 . 8  
(1.2) (1.3) (1.4) (2.5) 
50 25 25 20 
GC 23.4 26.9 27.0 
(1.0) ( 1 . 3 )  (1.1) 
50 48 21 
RC 23.6 27.0 27.2 38.3 
(1.2) ( 1 . 3 )  (1.4) ( 2 . 5 )  
50 25 25 2 0  
GC 23.5 26.5 27.6 
(0.9) ( 1 . 1 )  (1.3) 
50 45 2 2  
RC 23.6 26.6 27.1 33.1 
( 1 . 2 )  (1.4) ( 1 . 5 )  (2.1) 
50 25 25 2 0  
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2 3  . 2  2 5  . 9  2 6  . 1  
( 1  . 1 )  ( 1  . 4 )  ( 1  . 0 )  
5 0  4 6  1 9  
23 . 6  26 . 0  2 6  . 9  
( 1  . 2 )  ( 1  . 2 )  ( 1  . 5 )  
5 0  2 5  2 5  
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APPENDIX P; MEAN WEIGHT IN G, STANDARD DEVIATION (IN PARENTHESES) AND 
SAMPLE SIZE OF RAINBOW TROUT IN RESIDUE CHAMBER EXPOSED TO 2 
TO 192 yg/1 PYDRAUL 50E IN THE PARTIAL CHRONIC STUDY 
: Elimination 
Concentration Exposure period (day) period (day) 
Diluter 
Low 
conc. 
(uq/1) 0 15 30 60 90 15 30 
Control 0.078 0 . 2 6 7  0.540 1.902 4.608 7.491 10 .646 
0.019 0.047 0.108 0.407 1.060 1.934 3 .236 
50 25 25 20 20 21 19 
2 0.078 0.264 0.587 2.058 5.307 8.567 13 .232 
0.019 0.036 0.082 0.355 1.004 1.957 3 .351 
50 2 5  25 20 20 16 16 
3 0.078 0.240 0.547 1 .922 4.494 8.398 11 .298 
0.019 0.045 0.054 0.355 1.224 2 . 3 0 2  2 .656 
50 25 25 20 20 21 20 
4 "0.073 0.243 0.565 1 .755 4.671 8.342 10, .246 
0.019 0.049 0.127 0 . 2 3 0  1.303 2.251 3. 043 
50 25 25 20 20 21 23 
6 0.078 0.238 0.550 1.852 4 . 6 8 1  8.297 11. .319 
0.019 0.040 0.102 0 . 3 2 8  1.020 2 . 2 9 7  2. .047 
50 25 25 20 20 21 20 
8 0.078 0.261 0.515 1.690 4 . 6 5 3  7.145 10. . 8 3 2  
0.019 0.041 0.105 0.411 1.288 1.751 3. 136 
50 2 5  25 20 20 21 22 
11 0.078 0.209 0 . 4 2 7  1.229 3.852 6.554 9. 459 
0.019 0.049 0.159 0 . 3 3 8  0.895 2.037 3. 741 
50 25 25 20 20 18 18 
15 0.078 0.220 0.337 0.883 2 . 5 7 2  5.042 10. 199 
0.019 0.051 0.089 0.409 1.405 2.564 3. 379 
50 25 25 2 0  20 17 15 
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High 
conc. 
Control 0.078 0.239 0.523 2.018 
0.019 0.042 0.061 0.450 
50 25 25 20 
24 0.078 0.154 0.214 0.647 
0.019 0.034 0.070 0.189 
50 25 25 20 
34 0 . 0 7 8  0.149 0.178 0.577 
0.019 0.029 0.038 0.174 
50 25 25 20 
48 0.078 0.140 0.156 0.617 
0.019 0.021 0.045 0.152 
50 25 25 20 
75 0.078 0.134 0.144 0.493 
0.019 0.024 0.027 0.121 
50 25 25 20 
96 0.078 0.122 0 . 1 3 8  0.591 
0.019 0.022 0 . 0 2 3  0.119 
50 25 25 20 
136 0.078 0.123 0.139 0.577 
0.019 0.023 0.025 0.093 
50 25 25 20 
192 0.078 0 . 1 1 4  0.130 0.483 
0.019 0.019 0 . 0 2 7  0.090 
50 25 25 20 
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APPENDIX Q: THE PHYSIO-CHEMICAL COMPOSITION OF WHOLE RAINBOW TROUT FRY 
CONTINUOUSLY EXPOSED TO 2 TO 192 yg/1 PYDRAUL 50E FOR 15 DAYS 
IN THE PARTIAL CHRONIC STUDY 
Water 
concentration 
(uq/1) 
Low conc. dil. 
Control 
Fish Physio-chemical constituent (mg/g of fish) 
Fish weight Total Hydroxy-
No. (q) protein proline Proline Vitamin C 
1 
1 0.133 8 4  0.426 3.6 0.120 
2 0.238 94 0.440 3.9 0.111 
3 0.305 102 0.260 4.1 0.120 
4 0.144 125 0.421 4.3 0.128 
5 0.237 114 0.225 2.2 0.073 
1 0.129 153 0.371 3.3 0.148 
2 0.189 127 0.299 4.0 0.110 
3 0.281 115 0.345 4.5 0.136 
4 0.240 126 0.300 3 . 8  0.148 
5 0.231 110 0.349 4.4 0.131 
1 0.230 80 0.283 2.7 0.126 
2 0.201 80 0.389 4.4 0.139 
3 0.270 94 0.273 3.7 0.177 
4 0.302 107 0.246 4.1 0.143 
5 0.269 87 0.301 4.4 0.160 
6 0.302 79 0.287 3 . 8  0.158 
7 0.289 100 0.313 3 . 3  0.144 
8 0.193 8 3  0.373 4.9 0.146 
1 0.197 8 2  0.357 3.9 0.156 
2 0.256 S O  0.256 2.9 0.138 
3 0.283 89 0.286 3.2 0.138 
4 0.134 8 2  0.348 5.2 0.156 
Vow concentration diluter. 
5 0.277 
6 0.265 
7 0.218 
8 0.229 
1 0.276 
2 0.257 
3 0.190 
4 0.286 
5 0.273 
6 0.287 
7 0.282 
8 0.273 
1 0.252 
2 0-221 
3 0.157 
4 0.319 
5 0.239 
6 0.240 
7 0.224 
8 0.331 
1 0.195 
2 0.165 
3 0.230 
4 0.163 
5 0.182 
6 0.143 
7 0.205 
8 0.233 
1 0.120 
2 0.209 
3 0.194 
4 0.215 
5 0.167 
6 0.222 
0.223 4.2 0.156 
0.222 4.8 0.156 
0.300 5.2 0.148 
0.308 4.2 0.121 
0.321 4.3 0.132 
0.289 4.1 0.109 
0.296 4.0 0.124 
0.326 4.7 0.150 
0.275 4.5 0.139 
0.250 4.7 0.146 
0.264 4.5 0.119 
0.272 4.7 0.125 
0.270 3.7 0.141 
0.435 4.2 0.155 
0.375 5.1 0.125 
0.257 4.3 0.125 
0.318 4.3 0.152 
0.359 4.9 0.144 
0.311 4.4 0.138 
0.293 5.2 0.107 
0.418 5.6 0.137 
0.368 4.6 0.142 
0.312 4.0 0.130 
0.366 4.2 0.110 
0.375 5.3 0.105 
0.438 5.9 0.143 
0.324 5.4 0.145 
0.309 5.0 0.148 
0.448 4.9 0.182 
0.307 5.0 0.118 
0.370 7.8 0.141 
0.379 5.7 0.105 
0.407 6.0 0.133 
0.357 6.2 0.105 
225 
82 
83 
102 
86 
122 
111 
123 
108 
92 
129 
108 
111 
129 
129 
131 
108 
104 
115 
98 
86 
102 
105 
98 
102 
91 
95 
94 
96 
114 
101 
118 
107 
103 
108 
225 
High conc. dil 
Control 
24 
34 
48 
7 0.211 97 0.234 3.4 0.143 
8 0.115 97 0.733) 9.6^ 0.126 
1 0.250 96 0.188 ro
 
00
 
0.102 
2 0.260 84 0.292 4.7 0.132 
3 0.303 94 0.317 6.0 0.149 
4 0.159 106 0.469 6 .4 -
5 0.290 89 0.278 5.0 0.132 
6 0.250 85 0.291 4.8 0.131 
7 0.270 90 0.327 5.0 0.147 
8 0.301 84 0.282 4 .3 0.123 
1 0.174 90 0.464 6 .1 0.135 
2 0.130 88 0.188^ 3.2 0.154 
3 0.145 71 0.434 5.0 0.117 
4 0.120 83 0.401 5 .5 0.132 
5 0.152 78 0.414 5 .9 0.103 
6 0.113 71 0.482 6 .4 0.130 
7 0.119 76 0.473 6 .5 0.115 
8 0.115 66 0.396 4.8 0.124 
1 0.112 101 0.430 4 .1 0.136 
2 0.161 103 0.376 3 .9 0.153 
3 0.154 114 0.491 6 .1 0.158 
4 0.132 109 0.430 5 .3 0.195 
5 0.162 106 0.351 5 .4 0.210 
5 0.133 102 0.393 5 .3 0.198 
7 0.155 87 0-337 5.0 0.166 
8 0.176 77 0.360 5.2 0.157 
1 0.097 94 0.531 6 .3 0.180 
2 0.121 92 0.277 2 .6 0.207 
Vhe abnormal value which might not be used in statistical analysis. 
^High concentration diluter. 
227 
3 0.176 
4 0.179 
5 0.104 
6 0.090 
7 0.114 
8 0.140 
1 0.121 
2 0.136 
3 0.120 
4 0.115 
5 0.168 
6 0.089 
7 0.128 
8 0.057 
1 0.097 
2 0.139 
3 0.103 
4 0.120 
5 0.127 
6 0.134 
7 0.110 
8 0.084 
1 0.107 
2 0.101 
3 0.091 
4 0.111 
5 0.152 
6 0.177 
7 0.119 
8 0.097 
0.346 4.1 0.184 
0.387 5.8 0.270 
0 . 4 3 2  4.7 0.245 
0.487 7.7 0.133 
0.465 3.1 0.151 
0.410 4.0 0.161 
0.444 6.1 0.178 
0.546 6.9 0.178 
0.470 14.oJ 0.177 
0.470 6.5 0.208 
0.424 5.8 0.210 
0.620 7.2 0.212 
0.355 5.0 0.195 
0.709^ 7.2 0.225 
0.481 6.4 0.145 
0.491 6.3 0.135 
0.516 5.7 0.226 
0.434 6.7 0.183 
0.569 6.8 0.169 
0.433 6.2 0.192 
0.447 6.5 0.207 
0.505 6.5 0.145 
0.569 5.1 0.204 
0.511 6.3 0.191 
0.502 7.1 0.175 
0.496 5.5 0.175 
0.449 6 . 0  0.159 
0.385 5.5 0.176 
0.553 5.3 0.203 
0.479 6.3 0.167 
95 
92 
106 
101 
37 
100 
76 
74 
84 
98 
85 
111 
91 
177 
97 
8 5  
100 
109 
102 
106 
118 
106 
104 
117 
35 
105 
70 
88 
108 
104 
^The abnormal value which might not be used in statistical analysis. 
228 
1 0.088 102 0.424 5.8 0.144 
2 0.140 81 0.354 4.4 0.178 
3 0.091 101 0.486 5.5 0.224 
4 0.144 100 0.438 5.7 0.185 
5 0.084 123 0.631 7.5 0.215 
6 0.097 98 0.467 7.0 0.205 
7 0.091 109 0.629 7.1 0.199 
8 0.086 127 0.614 6.5 0.220 
229 
APPENDIX R: THE BACKBONE PHYSIO-CHEMICAL COMPOSITION OF RAINBOW TROUT FRY 
CONTINUOUSLY EXPOSED TO 2 TO 15 yg/1 PYDRAUL 50E FOR 90 DAYS 
AND TO 24 TO 192 ug/1 PYDRAUL 50E FOR 30 DAYS IN THE PARTIAL 
CHRONIC STUDY 
Exposure 
time 
(day) 
30 
Water 
concentration 
(w9/l) 
Low conc. di l .  
Control 
Fish 
No. 
1 
Fish 
weight 
Backbone constituent (mg/n of dry backbone) 
Collagen 
Hydroxy-
proline 
a -
Proline amino-N Calcium Phosphorus 
1 0.64 28.6 47.9 90.6 83.8 58.2 
2 0.61 22.8 36.6 102.0 120.0 45.2 
3 0.67 24.0 42.5 82.7 93.9 59.1 
4 0.69 4.3% 19.3% 58.9 110.5 58.7 
5 0.66 20.1 38.4 84.3 113.0 56.8 
6 0.58 23.1 49.8 78.5 114.5 51.8 
1 0.81 10.8 22.0 53.1 137.4 55.4 
2 0.65 21.0 35.4 83.0 142.1 55.6 
3 0.70 24.2 44.8 78.1 123.5 45.6 
4 0.53 22.5 46.5 76.2 153.5 74.2 
5 0.63 23.2 44.1 95.0 138.0 58.8 
6 0.62 22.6 47.3 94.3 125.1 47.9 
1 0.55 23.2 44.3 77.1 109.4 37.2 
2 0.40 25.1 52.4 88.2 160.6 41.1 
3 0.60 20.5 41.1 86.1 115.5 45.5 
4 0.51 21.4 40.6 71.4 181.2 52.4 
5 0.41 26.7 43.9 104.1 122.9 42.8 
1 Low concentration diluter. 
'The abnormal value which might not be used in the statistical analysis 
6 0.71 19.8 3 9 . 2  6 5 . 8  111.4 53. 
1 0.50 19.4 3 3 . 5  69.2 212.3 43. 
2 0.51 2 2 . 2  3 8 . 9  9 2 . 1  1 8 5 . 2  40. 
3 0.61 2 2 . 6  4 5 . 7  73.7 121.3 42. 
4 0.57 21.7 47.5 74.1 139.3 53. 
5 0.62 2 2 . 8  4 7 . 8  87.1 118.2 58. 
6 0.62 2 2 . 9  50.1 58.6 136.0 55. 
1 0.61 22.4 43.9 47.3 118.7 6 3 .  
2 0.48 31.0 61.8 154.0^ 121 .1 42. 
3 0.68 2 3 . 3  53.9 76.2 137.5 49. 
4 0.52 2 5 . 2  46.9 83.7 9 8 . 8  44. 
5 0.61 2 3 . 4  50.9 98.0 1 2 1 . 2  52. 
6 0.61 18.9 5 3 . 2  66.5 113.9 53. 
1 0.46 25.6 50.6 85.4 124.0 65. 
2 0.55 22.5 40.8 71.2 114.8 57. 
3 0.56 2 5 . 0  46.6 75.4 98.7 61. 
4 0.70 20.9 36.0 5 5 . 4  76.6 51. 
5 0.68 23.5 36.1 79.5 110.7 55. 
6 0.65 21.0 40.3 61.2 8 7 . 3  40. 
1 0.64 23.7 46.1 60.4 134.0 60. 
2 0.28 36.9 64.2 129.2^ 277.8 40. 
3 0.58 25.5 49.6 71.9 129.4 46. 
The abnormal value which might not be used in the statistical analysis. 
9 
4 
2 
3 
5 
3 
0 
4 
1 
2 
2 
9 
2 
9 
1 
4 
2 
6 
7 
8 
7 
7 
15  
High conc. 
Control 
24 
4 0.41 
5 0.60 
6 0.51 
1 0.39 
2 0.35 
3 0.37 
4 0.26 
5 0.30 
6 0.26 
2 
1 0.61 
2 0.64 
3 0.57 
4 0.56 
5 0.58 
6 0.69 
1 0.14 
2 0.22 
3 0.27 
4 0.20 
5 0.16 
Vhe abnormal value which might not 
2 High concentration diluter. 
be  used  
28.5 
2 2 . 0  
22.7 
24.2 
27.8 
28.2 
28.3 
29.0 
25.8 
2 2 . 1  
2 1 . 1  
20.6  
27.5 
30.4 
18.0 
30.7 
2 6 . 0  
35.3 
25.2 
37.1 
35.5 
37.1 
44.1 
46.1 
51.5 
46.0 
57.8 
55.5 
58.5 
45.1 
51.0 
72.1 
54.9 
41.1 
75.7 
50.1 
76.8 
58.5 
81 .0 
69.8 
61 .7 
81.8 
75.0 
76.3 
69.4 
95.7 
59.6 
94.6 
104.0 
97.6 
122.0^ 
148.0^ 
76.8 
124.0 
106.0 
132.0 
83.0 
91.0 
156.2 
103.8 
97.4 
987.3^ 
89.0 
77.9 
109.1 
80.7 
154.6 
106.5 
80.4 
111 .6 
21 .4^  
46.6^ 
93.8 
46.6 
103.3 
60 .0  
42.9 
164.7^ 
40.6 
52.0 
55.9 
40.3 
41.3 
53.7 
37.4 
34.8 
34.2 
62.5 
6 2 . 8  
72.6 
28.1^  
51.4 
67.9 
61.9 
57.0 
73.2 
49.4 
57.6 
i n  t he  s t a t i s t i ca l  ana lys i s .  
6 0.26 22.6 57.6 91 .0 79.2 57. 
1 0.23 25.2 60.8 88.0 75.0 49. 
2 0.13 28.4 59.8 137.0 89.4 62. 
3 0.19 25.9 68.2 99.0 72.6 54. 
4 0.13 7.9^ 19.8^ 74.0 76.6 67. 
5 0.19 20.6 42.5 122.0 71 .1 50. 
6 0.14 25.7 60.4 106.0 45.4 43. 
1 0.14 23.8 47.1 74.0 36.4 31. 
2 0.13 36.9 65.6 154.0 15.3 22. 
3 0.14 26.3 44.1 85.0 14.1 47. 
4 0.10 40.4 68.7 186.0 15.7 48. 
5 0.24 0.4^ 14.7^ 72.0 84.3 43. 
6 0.09 37.5 122.8^ 165.0 60.0 69. 
1 0.17 11.6 38.9 89.0 15.2 33. 
2 0.16 23.9 59.7 120.0 15.0 46. 
3 0.11 19.3 64.5 114.0 4.0 46. 
4 0.16 31 .8 82.2 114.0 23.0 47. 
5 0.09 33.7 96.1 176.oJ 25.3 38. 
6 0.05 21.5 83.4 93.0 13.6 37. 
1 0.14 30.9 58.1 130.0 132.8 40. 
2 0.13 30.2 41.2 155.0 19.6 39. 
3 0.11 30.2 82.6 64.0 50.2 43. 
4 0.08 22.9 80.3 94.0 374.1^ 27. 
Hhe  abnorma l  va lue  which  migh t  no t  be  used  in  t he  s t a t i s t i ca l  ana lys i s .  
0 
5 
7 
6 
0 
7 
9 
1 
2 
0 
4 
2 
4 
3 
9 
7 
9 
2 
7 
4 
8 
0 
9 
136  
192 
60 Low conc. dil. 
Control 
Hhe abnormal value 
0.13 
0.12 
0 .12 
0.09 
0.12 
0.15 
0.14 
0.11 
0.10 
0.12 
0.11 
0.10 
0.11 
0 .12 
1.70 
1 .60 
1.33 
2.09 
1.47 
1.35 
might not be used 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
which 
21 .6  
20 .0  
24.3 
29.8 
26.3 
26.4 
21.3 
27.2 
23.0 
26.5 
27.0 
26.4 
26.7 
20.5 
17.6 
15.3 
18.4 
17.3 
15.7 
16.4 
49.9 
75.7 
6 1 . 2  
68 .2  
78.6 
68.9 
64.9 
111.8^ 
65.7 
59.8 
85.7 
6 2 . 0  
94.4 
79.7 
30.8 
27.5 
33.3 
31.4 
27.2 
33.2 
115.0 
8 2 . 0  
94.0 
156.0 
92.0 
93.0 
137.0 
103.0 
87.0 
124.0 
98.0 
97.0 
159.0 
72.0 
65.2 
65.9 
86.3 
64.0 
6 6 . 6  
6 2 . 8  
92.6 
34.3 
24.8 
5.5 
2.3 
45.3 
22.9 
49.2 
44.4 
11.6 
34.3 
16.4 
37.3 
155.1^ 
122.9 
1 2 2 . 2  
130.4 
115.0 
128.9 
136.0 
39.3 
29.6 
18.1  
45.5 
42.3 
55.7 
41.7 
24.4 
46.3 
40.3 
67.0 
39.8 
37.8 
40.8 
80.7 
80 .2  
70.3 
76.2 
80 .2  
74.2 
in the statistical analysis. 
1 1 .92 18.4 32.3 54.7 120.6 -
2 1.66 16.6 28.6 63.2 121.4 76.3 
3 1.20 18.8 38.6 68.2 164.8 81 .3 
4 1.96 17.4 33.0 60.0 142.8 70.7 
5 2.49 19.2 22.9 71.5 120.0 81.3 
6 1.88 16.8 23.0 54.0 113.7 68.2 
1 2.36 19.9 33.3 62.9 162.2 82.9 
2 1.61 19.3 33.2 66.5 161 .7 100.5 
3 1 .44 17.9 32.8 59.7 129.5 80.4 
4 1.73 18.2 29.2 52.1 137.1 75.2 
5 1.86 24.1 39.4 98.4^ 148.1 100.1 
6 1 .58 21.3 45.7 67.4 173.8 86.5 
1 1 .44 12.2 24.3 54.8 141.7 78.8 
2 1.63 12.5 23.1 63.1 132.2 74.6 
3 1.44 11.9 28.6 68.1 120.0 80.8 
4 1.36 18.8 31.0 60.5 126.5 80.6 
5 1.49 17.0 28.4 70.0 120.5 81.7 
6 1.17 18.2 33.0 60.8 129.3 93.7 
1 1.25 18.0 25.1 56.2 143.4 82.3 
2 2.10 17.7 23.4 56.8 123.1 75.9 
3 1 .47 18.5 30.6 57.9 156.3 91.3 
4 1 .55 18.8 28.9 55.2 149.5 80.7 
5 1.51 18.0 33.8 67.5 174.7 81.1 
Hhe  abnorma l  va lue  which  migh t  no t  be  used  i n  the  s t a t i s t i ca l  ana lys i s .  
6 1,54 
8 1 1.79 
2 1.64 
3 1.10 
4 1.62 
5 1.37 
6 1.49 
11 1 0.72 
2 1.73 
3 0.92 
4 1.30 
5 1.13 
6 1.23 
15 1 0.89 
2  1 . 2 6  
3 0.43 
4 0.50 
5 0.75 
6 1.30 
90 Low conc. dil. 
Control 1 5.44 404 
2 3.55 407 
hhe  abnorma l  va lue  which  migh t  no t  be  used  
17.2 35.9 49.4 129.1 77. 
19.4 26.0 37.9 144.3 CO
 
r
o
 
- 10.6^ 60.1 160.0 79. 
18.4 32.5 73.0 161.6 79. 
20.0 35.4 79.9 184.9 85. 
16.6 33.4 73.5 177.6 84. 
16.4 27.5 52.8 129.0 79. 
18.3 29.6 69.2 152.1 83. 
16.4 30.2 62.2 133.0 77. 
22.3 53.0 72.1 162.4 77. 
23.2 35.7 62.5 147.9 62. 
16.2 34.7 75.4 243.9^ 84. 
20.1 29.9 69.0 111.3 68. 
27.3 47.4 78.2 156.6 40. 
20.1 43.0 57.7 118.4 66. 
20.8 44.2 57.0 245.8 98. 
24.4 23.9 52.0 177.0 66. 
20.2 22.2 76.1 132.7 61. 
22.4 28.6 45.2 112.0 68. 
12.7 19.7 43.6 141.2 64. 
14.9 27.7 79.0 187.9 78. 
the statistical analysis 
2 
0 
2 
9 
8 
9 
3 
2 
2 
6 
8 
3 
1 
9 
5 
6 
2 
0 
2 
0 
7 
3 4.27 388 18.7 
4 5.91 279 15.1 
5 5.63 363 15.8 
6 4.99 369 8.2 
7 4.52 400 21.7 
8 5.05 369 20.9 
1 3.02 301.3 4.6 
2 3.08 297.9 21.0 
3 4.00 298.0 19.6 
4 3.63 226.9 17.7 
5 5.68 235.2 15.4 
6 5.29 300.4 18.8 
7 3.85 329.1 16.1 
8 5.30 319.8 18.3 
1 3.26 312.1 17.0 
2 2.88 295.1 5.0 
3 3.78 293.9 18.1 
4 6.95 292.4 17.0 
5 5.06 325.0 22.6 
6 3.34 325.0 19.6 
7 4.05 339.5 15.8 
8 3.11 308.6 17.8 
.3 63.1 150.9 74.4 
.2 42.3 135.4 62.1 
.7 70.0 127.4 71.2 
.7 39.7 99.5 76.9 
.2 54.1 - -
.8 84.3 
-
-
.9 42.5 110.2 64.7 
.2 36.2 164,7 70.7 
.5 67.8 123.4 67.1 
.8 31.2 135.7 93.2 
.3 41.5 120.0 58.4 
.3 86.9 122.3 76.2 
.8 69.3 134.9 76.2 
.7 56.7 112.7 65.7 
.6 41 .1 110.0 63.7 
.2 60.7 143.7 65.9 
.3 43.2 126.5 75.6 
.2 39.6 104.7 54.6 
.7 72.7 169.6 78.7 
.7 42.6 115.3 76.4 
.2 80.0 140.8 66.5 
.4 57.6 129.9 73.3 
29 
22 
23 
17 
32 
27 
11 
32 
33 
31 
25 
30 
26 
31 
22 
13 
29 
28 
28 
27 
25 
26 
migh t  no t  be  used  i n  t he  s t a t i s t i ca l  ana lys i s .  
1 4.67 248.9 
2 3.49 238.1 
3 4.28 254.0 
4 4.25 249.7 
5 5.20 243.6 
6 3.70 237.5 
7 4.03 284.1 
8 4.63 266.3 
1 3.97 377.2 
2 5.78 334.2 
3 4.92 397.2 
4 3.54 337.2 
5 5.34 288.8 
6 3.35 317.6 
7 6.66 329.7 
8 5.97 334.9 
1 3.84 267.3 
2 3.81 242.3 
3 5.86 235.0 
4 5.08 265.8 
5 4.78 272.1 
6 3.38 315.9 
Vhe  abnorma l  va lue  which  migh t  no t  be  used  
16.0 
3.5^ 
24.3 41.1 110.0 63.7 
11.0 60.7 143.7 65.9 
16.9 25.8 43.2 126.5 75.6 
16.5 27.7 39.6 104.7 54.6 
19.4 33.0 72.7 169.6 78.7 
16.4 27.7 46.2 134.4 58.4 
18.5 26.9 43.5 126.3 65.1 
16.7 27.0 76.4 132.0 60.5 
16.1 25.6 37.7 112.4 67.1 
16.2 26.5 45.0 109.6 67.9 
16.1 
3.6^ 
3.0^ 
25.5 70.5 108.0 67.8 
12.5 38.2 136.7 76.9 
9.4 31.4 113.1 64.6 
18.5 23.2 94.1^ 153.1 75.2 
15.5 22.7 46.6 134.7 60.6 
17.3 26.3 35.5 117.2 65.1 
16.0 22.8 59.8 110.15 67.5 
16.1 21 .9 41.9 137.3 75.3 
17.6 24.7 41.2 137.1 80.8 
16.2 
4.11 
24.1 62.2 103.2 71.1 
10.5 28.6 119.1 72.7 
17.8 27.5 31.0 160.5 77.9 
i n  the  s t a t i s t i ca l  ana lys i s .  
7 5.18 277, ,5 19.0 29.6 79.4 152.2 80.3 
8 3.64 271.8 18.1 27.1 44.1 164.3 76.4 
1 3.56 246, ,4 15.6 26.1 38.1 127.0 70.2 
2 5.24 239, .8 15.2 24.9 54.8 123.9 62.8 
3 5.56 256, ,3 15.2 25.8 45.6 94.8 64.7 
4 3.47 284 .1 17.5 24.2 46.1 136.2 77.9 
5 3.99 267 ,4 16.1 26.9 84.3 135.2 73.1 
6 4.64 251 .6 17.8 32.0 52.4 155.5 78.4 
7 4.39 249 .7 16.7 23.6 40.9 139.7 71.5 
8 1.41 272 ,4 14.3 28.4 152.0^ 147.7 105.3 
1 0.56 156 -
-
-
- -
2 4.10 208 16.2 11 .2 62.2 199.2 87.6 
3 4.34 228 15.2 26.2 42.4 149.4 69.2 
4 1 .69 193 16.8 30.8 148.0^ 219.7 85.4 
5 2.85 218 15.9 27.9 71.1 155.9 69.2 
6 2.00 242 - 36.0 - -
7 0.68 225 - - - - -
8 1.48 216 14.1 25.4 192.0^ 233.0 85.7 
Hhe  abnorma l  va lue  which  migh t  no t  be  used  in  t he  s t a t i s t i ca l  ana lys i s .  
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APPENDIX S: THE BACKBONE PHYSIO-CHEMICAL COMPOSITION OF RAINBOW TROUT FRY 
EXPOSED TO CLEAN WATER FOR 30 DAYS AFTER BEING EXPOSED TO 2 
TO 15 yg/1 PYDRAUL 50E FOR 90 DAYS IN THE PARTIAL CHRONIC 
STUDY 
Exposed 
concentration 
(uq/i) 
Fish 
No. 
Fish 
weight 
Collagen 
Backbone constituent (mg/g of dry backbone) 
Hydroxy-
proline Proline a-amino-N Calcium Phosphorus 
65.1 Control 1 9.23 245 15.6 27.3 58.7 127, ,5 
2 13.63 266 17.7 31 .4 41.3 109, ,6 57.4 
3 14.25 257 16.5 34.8 48.7 118, ,3 56.0 
4 6.41 - 19.2 37.4 49.5 134.4 75.1 
5 8.54 291 17.7 36.1 51.6 117.4 60.5 
6 7.51 233 16.0 37.0 50.7 114.9 67.7 
2 1 7.99 246 16.7 30.9 55.1 112. 9 65.9 
2 9.03 254 16.6 31 .5 52.1 118, ,6 60.4 
3 13.71 215 15.3 32.5 50.8 107, 2 54.5 
4 11.37 194 19.3 38.1 68.8 129 .0 72.1 
5 12.59 196 14.9 31.4 49.3 111, .7 59.6 
6 14.81 198 18.2 42.4 47.9 111 .7 59.6 
3 1 12.31 213 17.1 34.2 47.8 113, .4 58.5 
2 14.10 222 17.7 33.9 54.0 115, ,7 64.4 
3 13.68 199 18.6 35.9 51.6 122 .3 64.1 
4 10.15 200 15.7 35.7 53.7 118.8 64.3 
5 8.41 200 13.4 26.6 28.9 96.4 48.4 
6 6.98 152 18.5 40.1 41.6 106, .2 62.5 
4 1 14.81 242 16.1 37.4 32.8 106.7 57.4 
2 12.53 221 18.2 39.1 47.8 123.8 72.4 
3 6.28 243 19.0 44.0 69.7 121.4 82.7 
4 13.47 201 17.2 36.6 58.4 114 .2 63.6 
5 8. 
6 8. 
1 11. 
2 10. 
3 10. 
4 14. 
5 13. 
6 13. 
1 13. 
2 12. 
3 7. 
4 11. 
5 11. 
6 10. 
1 8. 
2 9. 
3 12. 
4 7. 
5 4. 
6 17. 
1 13. 
2 8. 
3 8. 
219 18.0 
202 15.8 
207 19.4 
195 14.6 
214 16.7 
208 16.5 
211 17.4 
205 17.8 
196 16.8 
185 19.5 
224 19.3 
193 16.4 
192 20.1 
204 18.5 
217 18.0 
214 17.1 
210 16.9 
207 14.4 
158 16.5 
201 18.6 
209 16.1 
206 14.8 
201 14.0 
81 
19 
15 
34 
33 
13 
41 
66 
80 
10 
32 
42 
79 
35 
31 
47 
11 
27 
23 
70 
37 
18 
82 
40.1 48.1 
34.9 45.9 
39.8 46.0 
30.2 41.3 
36.3 46.4 
36.0 35.1 
44.1 51.8 
43.3 48.9 
32.8 41 .2 
42.0 53.5 
45.7 56.4 
35.1 65.0 
48.4 58.5 
53.0 54.7 
40.4 55.1 
41.0 46.2 
39.8 42.7 
35.4 44.0 
43.2 51.7 
40.8 56.2 
35.5 30.6 
27.2 33.4 
32.1 47.0 
110.0 64.3 
111.3 59.6 
124.3 71.2 
110.2 59.8 
116.6 57.4 
112.3 62.5 
117.1 60.1 
117.6 61.8 
107.1 58.8 
123.0 68.0 
119.7 70.7 
110.9 66.7 
128.0 68.8 
126.4 65.1 
123.5 69.5 
122.4 67.0 
116.3 64.8 
116.7 64.0 
124.5 77.8 
117.2 62.1 
126.8 65.0 
123.2 61.3 
112.8 62.4 
4 6.92 203 - 34, ,7 41.6 110.7 67.1 
5 10.14 228 15.4 31, 6 40.7 103.6 56.2 
6 9.22 203 14.8 32 .9 40.4 106.1 57.0 
•F^ 
CO 
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APPENDIX T: THE BACKBONE PHYSIO-CHEMICAL COMPOSITION OF RAINBOW TROUT FRY 
EXPOSED TO CLEAN WATER FOR 30 DAYS AFTER BEING EXPOSED TO 24 
TO 192 ug/1 PYDRAUL 50E FOR 30 DAYS IN"THE PARTIAL CHRONIC 
STUDY 
Exposed 
concentration 
(uq/1) 
Control 
24 
34 
Fish 
No. 
Fish 
weight 
(g) 
Backbone constituent (mg/g of dry backbone) 
Hydroxy- cc-
•roline Proline amino-N 
Phos-
Calcium phorus 
1 1.55 17.1 33.5 75.5 132.1 82.5 
2 1.58 17.5 28.0 80.1 127.8 86.0 
3 1.79 17.3 35.3 95.3 127.9 73.3 
4 . 1.73 16.3 31.6 90.6 117.6 72.6 
5 1.56 19.6 30.6 82.7 
107.4^ 
144.8 76.8 
6 1.34 18.2 36.2 113.2 75.8 
7 1.00 16.5 30.9 74.1 135.4 70.3 
8 1.36 19.4 26.6 86.3 123.1 72.8 
1 0.50 24.4 62.6 101.9 89.2 75.9 
2 0.53 18.9 32.5 106.9 124.4 62.3 
3 0.54 28.2 42.4 136.0 103.3 82.8 
4 0.55 23.1 36.5 114.8 92.9 55.0 
5 0.76 19.7 27.5 106.7 85.7 43.2 
6 0.38 28.7 24.7 89.9 97.3 96.3 
7 0.85 18.4 33.1 80.5 84.0 53.0 
8 0.62 18.3 44.6 81.8 79.0 50.8 
1 0.43 29.4 28.3 105.6 171.4 76.4 
2 0.30 22.5 51.9 119.6 84.7 43.3 
3 0.39 22.1 40.2 82.6 145.3 31.3 
4 0.59 25.2 13.2^ 91.7 61.3 47.4 
5 0.49 18.7 39.6 97.5 54.3 35.3 
6 0.73 18.7 33.0 106.5 68.3 32.5 
Hhe  va lue  t ha t  migh t  no t  be  used  i n  s t a t i s t i ca l  ana lys i s .  
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7 0.50 25.9 54.5 123.8 76.1 70. 
8 0.55 20.7 32.2 106.5 52.2 62. 
1 0.46 17.2 33.2 76.6 88.7 63. 
2 0.45 34.2 69.1 134.5 41.4 128. 
3 0.62 19.1 25.9 81 .1 69.2 39. 
4 0.45 16.4 34.9 80.6 59.7 53. 
5 0.41 27.6 41 .6 135.5 40.3 69. 
6 0.85 15.8 32.3 78.1 83.0 15. 
7 0.55 20.1 49.7 129.4 63.3 50. 
8 0.47 23.8 46.9 89.4 68.9 74. 
1 0.24 26.4 159.3^ 84.5 51.6 68. 
2 0.43 19.3 95.5^ 99.3 42.7 38. 
3 0.35 25.6 91.9^ 146.8 31.0 72. 
4 0.55 18.1 43.0 92.1 84.5 61. 
5 0.38 18.0 48.3 137.0 41.7 27. 
6 0.27 37.1 83.6 
CO CO CO 56.5 82. 
7 0.35 17.3 45.9 112.5 42.7 23. 
8 0.21 21.1 53.4 105.4 71.5 24. 
1 0.33 32.5 74.4 106.1 84.2 74. 
2 0.60 16.7 35.5 89.1 86.8 51. 
3 0.53 23.6 41.1 111 .3 72.0 43. 
4 0.45 32.0 57.9 128.4 68.1 55. 
5 0.56 15.6 37.3 98.5 118.2 42. 
6 0.58 17.9 34.1 132.1 70.7 45. 
7 0.70 22.2 52.2 105.6 96.8 60. 
8 0.53 19.1 52.3 79.3 82.4 34. 
1 0.53 22.0 47.3 125.3 59.2 27. 
2 0.49 36.6 67.2 139.8 77.3 69. 
3 0.36 25.1 53.8 175.0 76.8 15. 
4 0.60 15.3 37.5 92.9 38.2 30. 
Vhe  va lue  t ha t  migh t  no t  be  used  i n  s t a t i s t i ca l  ana lys i s .  
4 
7 
3 
0 
3 
2 
3 
9 
8 
4 
1 
5 
8 
0 
6 
5 
8 
6 
8 
4 
9 
3 
0 
6 
3 
4 
3 
7 
1 
2 
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5 0.65 27.2 66.3 129.6 51.8 49. 
6 0.41 17.1 60.8 130.6 58.8 52. 
7 0.47 17.3 42.2 121 .5 121.5 50. 
8 0.40 33.2 59.8 164.8 120.0 58. 
1 0.47 20.1 37.1 113.8 79.4 32. 
2 0.32 24.6 58.5 120.7 49.8 21. 
3 0.40 31.2 55.8 128.1 59.5 60. 
4 0.27 23.0 28.8 142.1 88.4 18. 
5 0.55 16.2 39.2 120.3 78.6 34. 
6 0.25 31.7 86.7 93.1 33.0 
154.3^ 
60. 
7 0.34 13.6 61.1 147.3 20. 
8 0.35 20.4 39.0 150.0 48.9 16. 
0 
6 
2 
S 
5 
8 
6 
4 
6 
0 
6 
5 
Hhe  va lue  t ha t  migh t  no t  be  used  in  s t a t i s t i ca l  ana lys i s .  
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APPENDIX U: WATER CONCENTRATIONS OF TRI-P-CRESYL PHOSPHATE AND TRIS(2,3-
DIBROMOPROPYL) PHOSPHATE ANALYZED IN THE ACCUMULATION AND 
ELIMINATION STUDY FOR BLUEGILL 
Tri-p-cresyl phosphate Tris(2,3-dibromopropy1) 
Tim. .f (ng/T) phosphate (ng/1) 
nme ox 
exposure 
(day) 
Sample 
No. 1 
Aquarium? 
2 3 
Spl it 
box 
Aquarium 
1 2 
1 
3 
Split 
box 
0 1 131 .2 121.0 122.2 155.2 199.8 204.8 201.2 199.0 
2 141 .2 129.0 118.4 150.2 200.8 226.0 - 181.4 
3 1 101 .0 94.2 105.2 143.0 155.8 157.0 156.6 154.6 
2 101 .8 99.6 105.0 155.0 156.6 154.6 146.6 160.4 
7 1 127 .2 137.0 138.2 197.8 188.0 182.2 180.6 185.6 
2 143 .8 137.4 137.4 190.2 184.2 185.0 177.2 -
10 1 146 .6 161.6 148.2 210.8 187.4 184.6 185.0 188.6 
2 155 .6 158.2 134.6 184.2 191.6 196.4 178.2 -
14 1 124 .8 124.6 110.2 189.2 185.6 167.0 184.2 195.2 
2 122 .4 117.4 - 165.8 189.6 183.4 181.2 -
17 1 134 .6 129.6 119.2 186.8 192.0 192.8 - 188.0 
2 133 .6 129.6 120.4 228.0 195.2 191.6 183.2 -
21 1 137 .0 135.0 117.8 215.8 188.4 198.0 185.6 213.2 
2 136 .3 132.4 84.4 - 192.8 184.4 172.0 205.0 
24 1 142, .4 145.8 121.6 178.0 207.8 197.2 199.4 206.6 
2 136. 8 - 126.2 179.8 205.2 195.8 201.4 221.6 
28 1 155. 4 142.0 87.2 177.0 206.8 204.4 19L.2 213.6 
2 _ 170.2 94.0 259.2 207.2 202.4 197.6 209.8 
^Aquarium 1 and 2 were treatment aquaria; Aquarium 3 was elimination 
aquarium. 
APPENDIX V: TOTAL BODY RESIDUE OF DAPHNIDS EXPOSED TO TRI-P-CRESYL PHOS­
PHATE OR TRIS(2,3-DIBROMOPROPYL) PHOSPHATE FOR 24-HOURS 
Chemical 
Total 
1 
body residue 
Aquarium"* 
2 
(ng/g) 
3 
Tri-p-cresyl phosphate 111.4 38.5 68.4 
97.6 106.7 56.7 
102.2 104.9 64.8 
Tris(2,3-dibromopropyl) phosphate 10.2 15.4 3.1 
5.4 5.6 13.9 
11.2 7.1 7.3 
^Aquarium 1 and 2 were accumulation aquaria and aquarium 3 was the 
elimination aquarium. 
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APPENDIX W: TOTAL BODY RESIDUES OF BLUEGILLS EXPOSED TO TRI-P-CRESYL 
PHOSPHATE AT A MEAN CONCENTRATION OF 133.4 ng/1 (s^ = 17.4 
ng/1, n = 34) AND FED WITH 24-H EXPOSURE DAPHNIDS FOR 28 DAYS 
Time of 
exposure 
(day) 
Aquarium 1 Aquarium 2 
14 
21 
28 
imp le 
No. 
Fish wt. 
(mq) 
TBR"" 
(nq/q) 
Fish v/t. 
(mq) 
TBR 
(ng/g) 
1 514.7 196.6 459.3 212.0 
2 487.7 258.7 635.5 179.4 
3 648.4 164.2 565.2 178.0 
4 804.9 177.1 616.0 176.5 
5 607.4 177.8 687.4 209.0 
6 438.5 249.7 466.3 204.1 
7 725.7 220.8 593.2 175.1 
1 629.5 215.6 670.0 189.6 
2 636.2 238.4 514.4 175.2 
3 562.8 252.1 453.3 222.0 
4 722.5 198.7 514.2 224.3 
5 452.2 289.1 527.1 208.4 
6 521.1 256.8 602.8 263.8 
7 525.5 248.8 584.0 196.3 
1 505.1 181.2 647.8 203.4 
2 383.2 271.9 594.1 150.8 
3 351.8 245.5 538.8 243.7 
4 515.2 178.4 581.6 171 .9 
5 520.0 256.7 488.9 241.2 
6 555.3 226.1 515.6 307.6 
7 613.9 182.6 480.0 236.2 
1 488.9 218.0 498.0 204.6 
2 583.9 237.7 421.0 217.0 
^To ta l  body  r e s idue .  
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3 440.0 171.9 546.1 219.9 
4 510.0 198.5 580.0 273.5 
5 494.1 174.2 530.0 227.8 
6 638.5 141.1 535.5 213.1 
7 788.5 190.6 633.7 ' 182.1 
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APPENDIX X: TOTAL BODY RESIDUES OF BLUEGILLS EXPOSED TO TRIS(2,3-DIBR0M0-
PROPYL) PHOSPHATE AT A MEAN CONCENTRATION OF 190.1 ng/1 (s^ = 
15.9 ng/1, n = 36) AND FED WITH 24-H EXPOSURE DAPHNIDS FOR 23 
DAYS 
Time of 
exposure 
(day) 
Aquarium 1 Aquarium 2 
14 
21 
imple 
No. 
Fish wt. 
(mq) 
TBR"* 
(ng/g) 
Fish wt. 
(mg) 
TBR 
(ng/g) 
1 711.4 109.7 562.8 104.2 
2 700.6 97.0 656.8 108.2 
3 510.1 115.1 809.2 101.6 
4 567.8 114.4 656.3 86.9 
5 807.8 99.6 546.7 102.8 
6 656.9 112.0 602.7 110.8 
7 557.6 96.6 550.0 122.8 
1 347.8 104.2 398.0 106.6 
2 423.5 96.2 472.8 133.8 
3 574.6 112.7 509.2 104.8 
4 581.6 95.5 543.0 131.7 
5 630.5 91.6 630.1 118.7 
6 687.9 112.7 672.7 118.9 
7 796.5 87.4 664.6 107.5 
1 370.0 91.0 447.1 130.7 
2 577.8 108.0 550.6 143.5 
3 613.2 100.1 616.9 139.5 
4 493.9 98.2 642.3 146.3 
5 613.5 101 .1 558.8 136.1 
6 660.0 110.6 432.2 141.8 
7 814.5 116.3 742.1 141.2 
Vota i  body  r e s idue .  
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1 555.0 m û. 357.1 155.4 
2 452.5 118.0 611.7 155.6 
3 572.1 122.7 620.0 155-2 
4 652.8 101.4 658.8 142.3 
5 629.8 119.5 521.3 145.9 
6 450.5 112.6 526.6 139.5 
7 575.9 105.8 356.5 147.7 
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APPENDIX Y: TOTAL BODY RESIDUES OF BLUEGILLS EXPOSED TO TRI-P-CRESYL 
PHOSPHATE OR TRIS(2,3-DIBR0M0PR0PYL) PHOSPHATE AND FED WITH 
CONTAMINATED DAPHNIDS FOR 28 DAYS, AND EXPOSED TO FRESH 
DILUTION WATER FOR 28 DAYS 
Time of 
exposure 
(day) 
Sample 
No. 
Tri-p-cresyl 
Fish wt. 
(mg) 
phosphate 
TBR"* 
(ng/g) 
Tris(2,3-dibromo-
propyl) phosphate 
Fish wt. TBR 
(mq) (nq/q) 
0 1 475.2 163.3 608.0 114.6 
2 418.6 199.5 449.4 117.5 
3 522.1 231.2 577.3 108.5 
4 651.7 228.4 634.3 123.8 
5 578.4 184.9 320.0 118.5 
1 1 363.8 92.1 245.3 86.6 
2 470.2 126.4 347.0 112.4 
3 453.3 97.9 449.7 113.7 
4 419.2 85.8 474.9 101.1 
5 597.8 101.3 604.5 106.1 
3 1 470.0 51.2 506.8 100.3 
2 465.7 50.8 548.3 85.8 
3 410.0 50.2 500.2 103.4 
519.8 50.4 470.0 100.5 
5 498.9 58.7 623.9 92.0 
7 1 400.0 41.8 525.6 98.6 
2 530.8 59.7 436.5 98.6 
3 516.7 48.2 509.7 100.0 
4 587.8 55.2 554.5 93.8 
5 689.7 52.9 625.0 94.5 
14 365.6 41 -.8 605.5 78.5 
2 448.6 33.4 588.5 95.1 
Hota l  body  r e s idue .  
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3 530.2 43.2 567.2 85.4 
4 547.0 35.9 608.0 85.9 
5 575.5 36.4 1486.4 89.0 
1 395.1 22.8 264.9 66.1 
2 574.6 31.1 394.4 60.7 
3 579.0 39.8 466.9 65.9 
4 361.4 24.6 505.3 78.3 
5 470.0 39.9 554.3 72.3 
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APPENDIX Z: TOXIC MATERIALS DISCHARGE SYSTEM AT THE 
COLUMBIA NATIONAL FISHERIES RESEARCH LABORATORY 
The information, reported in this appendix, is based on personal 
communications with personnel in charge of different sections at the 
laboratory. 
Waste Water Effluent 
The waste water effluent from the lab includes both radiolabeled and 
nonlabeled compounds discharged in the effluent. The waste water effluent 
is discharged into one of two lagoons (each 13078 m^; 42 x 117 x 3 m) 
where waste materials are subjected to biological degradation. The 
effluents from the lagoons are discharged into a nearby stream. 
Waste water effluents from the lagoons are monitored periodically for 
water quality and contaminants as follows: 
1} Labeled compounds: The primary labeled compounds used at the FPRL 
contain C^^. The laboratory is granted a license by the Nuclear 
Regulatory Commission to discharge its effluents into an unre­
stricted area. The radioactive C^" concentration in the effluent 
must not exceed the concentration allowable as set forth in the 
N.R.C. regulations. Title 10, part 20, number 20-303; "Disposal by 
release into sanitary sewerage systems" (2 x 10"^ uCi/ml) (U.S. 
Nuclear Regulatory Commission, 1975). Effluents from the lagoons 
are checked for radioactive C^** every 6 months by using Liquid 
Scintillation Counter methods. So far, no samples have been found 
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with a radioactive concentration higher than the limitation 
prescribed by the U.S. Nuclear Regulatory Commission. 
2) Nonlabeled compounds: The lab holds an effluent permit granted by 
the National Pollutant Discharge Elimination System (NPDES). The 
effluent limitations and monitoring requirements are shown in 
Table Z1. The effluents from the lagoons are analyzed for water 
quality and total pesticide residues every 3 months by the FPRL 
Chemistry Section. Results are submitted to Missouri Department 
of Natural Resources on a NPDES Monitoring Report for Nonmunicipal 
Wastewater Discharges form. So far, effluent water qualities have 
been within the acceptable limitations and chemical residues have 
been much lower than limit restrictions. 
Solid Waste Materials 
1) Radioactive wastes: The lab follows the U.S. Nuclear Regulatory 
Commission (1975) regulations. Title 10, part 20, number 20-304; 
"Disposal by burial in soil" and number 20-305; "Treatment or dis­
posal by incineration." Burnable material contaminated with ^""C 
is periodically taken to a special incinerator in an isolated area 
of the laboratory property and burned by the Radiation Safety 
Officer. The accumulated residue is buried. The amount burned at 
any one time must conform with N.R.C. regulations. Only combusti­
ble material contaminated with ^"^C may be burned. Biological 
material containing radioactive isotopes are buried in an isolated 
area of the laboratory's property by the Radiation Safety Officer 
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or his representative or are shipped to authorized radioactive 
disposal companies. 
2) Nonradioactive wastes: No permit is required and all the waste 
materials are collected and disposed of by a commercial waste 
collection company. 
Table ZI. Effluent limitations and monitoring requirements 
During the period beginning the effective date and lasting through the expiration date of the per­
mit, the permittee is authorized to discharge from Outfall 001. 
Such discharges shall be limited and monitored by the permittee as specified below: 
Effluent characteristic Daily avg Daily max 
Flow-m^/dciy (MGD) - - - -
Total pesticide residue - -
Discharge limitations 
^g/day (lbs/day) Other units (specify) 
(ppb)a 
Daily avg Daily max 
Monitoring requirements 
0.5 
Measurement 
frequency 
once/month 
once/month 
Sample 
_tyne_ 
24 hour 
com­
posite 
The pH shall not be less than 6.0 standard units nor greater than 9.0 standard units and shall be 
monitored monthly. 
There shall be no discharge of floating solids or visible foam in other than trace amounts. 
Samples taken in compliance with the monitoring requirements specified above shall be taken at the 
following location(s): where the discharge (Outfall 001) exits the treatment facility. 
Applicable effluent limitations 
The effluent limitations utilized were based on best practicable control technology. 
Parts per billion. 
The monitoring requirements specified for this discharge may be reduced as determined by the 
Regional Administrator if the analysis continually shows the effluent limitations being met. 
